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Abstract ii 


This report describes statistical and other comparisons between the 
behavior of two stocks of bowhead whales that heve been studied in late summer 
and autumn: the Eastern Arctic or "Davis Strait - Baffin Bay" stock and the 
Western Arctic or ‘Bering - Chukchi - Beaufort’ stock. The comparisons are 
based on data collected in several previous studies, including 
previously-unanalyzed eastern arctic data. 


The behavioral repertoires of bowhead whales in the two regions were 
qualitatively similar in most respects. However, the comparisons revealed 
statistically significant quantitative differences in behavior. Such 
differences were evident for all three categories of whales that were 
compared: feeding in deep water, socializing in shallow water, and migrating. 
Multivariate and other analyses indicated that some but not all of these 
differences could be ascribed to regional differences in environmental 
conditions or whale activities. The report discusses possible reasons for 
behavioral differences that were not attributable to differences in 
environmental conditions or whale activities. 


Sexual interactions were observed auch @ore often at Isabella Bay in the 
eastern arctic than observed at any location in the western arctic during late 
summer or autumn. The difference was partly but not fully understandable on 
the basis of age segregation within the two populations. The reasons for the 
greater amount of sexual activity observed in autumn in the eastern arctic are 
not fully understood. This difference is potentially important with regard to 
the dynamics of the two populations. 
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Iat roduction 


Bowhead whales in the western arctic (Bering-Chukchi-Beacfort stock) are 
exposed to a variety of types of human activities in several parts of their 
annual range. These bowheads exhibit short-tere behavioral reactions to 
disturbance by various human activities. However, it is sot known whether such 
disturbances lead to any long-tere changes in behavior, or to any deleterious 
effec:s on che bowhead population. Extensive data have been collected is 
recent years on the behavior of western arctic bowheads under presumabdly 
undisturbed as well as potentially disturbed conditions. 


Bowhead whales in the eastern arctic (Davis Strait-Baffia Bay stock) are 
not exposed to nearly as auch human activity, given the absence of bowhead 
hunting there and the auch lower level of offshore oil exploration. Data on 
the behavior of eastern arctic bowheads have been collected in recent years 
during studies along the east coast of Baffin Island. These data had sot been 
analyzed in any detail before the present project. MMS suggested that the 
eastern arctic population sight serve as «a virtually undisturbed ‘control’ 
population in order to assess whether the behavior of western arctic bowheads 
has been altered by the cumulative effects of various human activities. This 
overail objective has been formulated by MNS as 4 test of the following oull 
hypothesis: 


There are no significant differences in normal behavior between 
bowhead whales of the Western Arctic and Davis Strait stocks. 


To test this hypothesis and interpret the results, it is necessary to (1) 
analyse the existing bet previously-wnanalyzsed data on the behavior of the 
Eastern Arctic bowheads, (2) compare their behavior with that of the Westera 
Arctic stock, (3) quantify the relative esmounte of human activity to which the 
two stocks have been exposed in recent years, and (4) ewaluate whether any 
observed differences in behavior are attributable to differences in human 
activities. 


The study was planned a8 4 two-phase project. In Phase |, the behavior of 
the two stoc’.s of bowheads was to be compared (ites | and 2 from the above 
list). In Phase 2, the relative exposure of the two stocks to human activity 
is to be determined, and behavioral similarities and differences between 
stocks are to be evaluated in relation to differences in human activities 
(itees 3 and 4). The present report presents the results from Phase |. 


ta Sources and Methods 


The western arctic data weed for these analyses came from three studies 
funded by BLA/MNS or the oil industry and conducted by LOL in the 1980-86 
period, plus « study conducted for MMS by the Naval Ocean Systems Conter 
(BOSC) in 1983: 


l. The LGL/MMNS study of behavior and disturbance responses by bowheade 
summering in the Canadian Beaufort Sea in 1980-84 (Richardson [ed.] 
1985). 
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2. The LOL/MMS study of bowheads feeding in the eastera Alaskan Beaufort 
Sea during Septeaber of 1965 and 1966 (Richardson et al. 1987b). 


3. The LOL/Shell Western study of bowheads wigrating past drilisites is 
the Alaskan Seasufort Sea during the sutuan of 1986 (Koski and Johnson 
1987). 


4. The BOSC/MMS study of bowheads sear seismic wessels in the Alaskan 
Beaufort Sta during the sutuan of 1983 (Liungbled et a1. 19645). Heavy 
ice conditions prevented gost seismic exploration ia 1983. 


The data considered here were those collected when ao significant source of 
man-made underwater soise was present. All data collected in the four westera 
arctic studies were collected by serial observers using « standardized 
observation gethod. The aircraft circled at an altitude of at least 1500 ft 
(457 @) during all observation sessions considered here. This has been shows 
to be high enough to avoid cignificent disturbance by the observation 
aircraft. 


The eastern arctic data were collected during two LOL shore-based stodies 
along the east coast of Baffin Island: 


1. A study of bowheads swigrating south past Cape Adair ia the autumn of 
1979. Limited edditional data were available from 1976 (Koski and 
Davie 1979, 1980). 


2. A study of bowheads summering at Isabella Bay in the late summer - 
early autwen periods of 1964-66. Lisited additional data were 
available from 1963 and 1987 (Finley et al. 19866; Finley 1987, 


wnpubdi.). 


In both studies, gost data came from « theodolite deployed on a coastal hill 
or cliff. The theodolite was abowt 209 @ above sea lewel at Cape Adair ane 136 
& above sea level at Isabella Bay--high enough to sallow observations and 
tracking of whales seweral kilometers away. Aerial surveys provided 
supplementary data in 1978-79. At lsabella Bay, data on sooplankton and 
underwater sounds were acquired occasionally from boats, and whale sises were 
determined in 1986 by serial photogrammetry. 


LOL's westera arctic data were already available ian « standardized 
computer-readable format pricor to the present study. At the start of this 
project, they were converted inte on improved format incorporating some 
additional variables. UGL's eastern arctic data, which had sot previously been 
analysed in detail, ples MVSC's 1986) western arctic data, were coded in the 
new format, entered into « computer, and validated. 


The firet major step of the analysis was to identify comparable subsets 
of the eastern and western arctic data. Preliminary analyses indicated that 
three categories of whale activity occurred commonly in both regions: feeding 
in deep (550 @) water, socializing in shallow ((50 @) water, and migrating. A 
fourth category, leocel travel, was commonly recognized only at Leabella Bay. 
Separate analyses were performed for each of these four categories of whale 
activities. Seweral other categories of activity were recognized ia the 
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westera arctic, ¢.g. Sear-bottos, water-colums and sear-surfaece feeding ic 
shallow water; socializing in deep water. The behavior of westers arctic 
bowheads engaged ia these letter ectivities has been reported previously, and 
was sot enalysed further ia this study because of the absence of corresponding 
eastera arctic data. 


F i ia | ter 


Most feeding ectivity at Isabella Bay occurred in deep water over 
glecial-remnant troughs several kilometers offshore. Essentially 211 feeding 
was of the type recognized in the western arctic as ‘water columa feeding’. 
There was little evidence of coordinated feeding behavior between different 
individesl whales. However, surfecing-dive sequences of some ‘paired’ whales 
were syachronous. Sear-surfece feeding apparentiy was rare, and sear-dbottoe 
feeding was sot detected. Whales feeding in « trough >200 @ deep several 
kilometers sortheast of the observation site on Cape Raper sowed back and 
forth through the area from one surfacing to the seat. When at the surface, 
bowheads often defecated, and fecal samples (a © 2) contained remnants of 
large copepods. Lisited sooplankton sampling indicated that corcentrations of 
large copepods occurred at depths >100 «a. 


Bowheads feeding in deep water off Isabella Bay exhibited long dives and 
surfaciags, with many respirations per surfacing. An average surfacing — 
respiration ⸗ dive cycle consisted of a 15.8 win dive followed by a 4.7 win 
surfacing during which the whaie respired 17 tises. This behavior is 
consistent with diving to great depths. The interwal between successive blows 
within « surfacing averaged 16.9 6. Within this category of whales, surfacing 
- respiration ~ diving behavior was correlated with few of the environmental 
variables that we considered. Aerial activity (breaches, tail slaps, flipper 
slaps) was wery infrequent. Most surfecings of feeding bowheads ended with « 
*fluke-out’ dive. 


Bowheads feeding in deep (550 @) water off Isabella Bay exhibited auch 
longer surface times and aaeny sore blows per surfacing than did those feeding 
in deep waters of the Beaufort Sea (P<O.001). Multivariate analysis indicated 
thet these differences could not be accounted for by differences ia any of the 
measured environmental variables or whale activities. These, we conclude that 
there were real east-west difference in these attribetes of behavior. The 
eastera whales also hed longer iatervals between successive blows (PCO.001) 
end longer dive durations (P<O.05), but the proportional differences were sot 
as large. The difference in mean blow interval was probably an actual 
east-west difference. The cause of the slight east-west difference in sean 
dive durations was encertain. 


An ieportent enknown factor is the actual depth to which the whale dove 
during each surfecing-dive cycle. Ia gray and huepbeck whales, depth of dive 
is strongly end positively correlated with gost surfacing ~ respiration « dive 
variables. We suspect that an average feeding dive off lteabella Bay was 
considerably deeper than an average feeding dive in the Beaufort Sea. There is 
indirect evidence that prey concentrations tend to occur at greater average 
depths off Leabella Bay. 
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Bowheads Socializing is Shallow Water 


Bowheads socializing is shallow water ((50 @) at Isabella Bay often were 
engaged in wery active social activity, frequentiy with an obvious sexes! 
component. GCrowps of interacting bowhesds seemed to contein « considerable 
proportion of large subsedults, whereas pairs of interacting whales often 
appeared to be adults. Socializing bowheads prodeced aany underwater calls and 
other sounds. High proportions of their calle were of the types thet have been 
essociated with ective social interections is westera arctic bowheads and 
southers right whales. 


Socialiaiag bowheads at Isabella Say tended to emhibit quite short 
surteciag-dive cycles with few respirations per cycle. An average cycle 
consisted of a 1.6 win dive and «4 1.2 win surfacing with 2 blows spaced 17.7 « 
apart. Surfacing, respiration and dive variables were sot correlated with many 
of the environmental variables examined. Within « given observation session, 
the socializing bowheads at lIeabella Bay seemed to concentrate on social 
interactions. Within periods lacting sinetes of hours, they sormaliy did sot 
istermiax socisaliaing with feeding, contrary to the sitestion in summer in the 
western arctic. Aerial ectivity end active social interactions occurred during 
eheseally high percentages of the surfecings. 


The behavior of socializing bowheads aot Leabella Bay differed in several 
respects from that of bowheeds socializing in shallow waters of the Beaufort 
Sea. At lteabella Bey, ewiraing speeds tended to be lower, serial activities 
were @uch gore frequent (P<<0.001), and fleke-out dives less frequent 
(P<<0.001). Bermonic calls tended to be auch gore prolonged then those beard 
in the Besuefort Ses. A agechanical ‘CRUNCH sowed was sliso heard sear 
socializing bowheads at leabella Bey bet set in the weetera arctic. Surface 
times were shorter ot leabella Bay end the suaber of blows per surfacing 
lower, even after allowance for the effects of other weriables (P*O.001 in 
each case). Mean blew intervals were lower ot lTeabella Bay thee in the weet 
(P<0.001). Bowewer, thie leet difference aay have been attribetable to 
regional differences ia some of the corellery environmental or whale activity 
variables. Durations of dives did not differ significentiy between regions. 


The results provide clear evidence of differences ia the behavior of 
socialiaing bowheads in the two etedy aress. Sowever, one cannot secesearily 
conclude thet the differences were attribetable te between-popelation 
differences in socialiaing behavior. The socializing bowheads observed at 
leabella Bay were predominentiy large subeduitse or edulte witheet calwes, 
whereas those observed in shallow waters of the Beaufort were aainly emel ler 
subeduits. Presentiy aeveileble data on socializing whales de set silew an 
evaluation of the relative eagnitedes of popelation (east-west) differences in 
behevior wersus effects of whale sise, age, of feprodective etetes. Tt is 
noteworthy, however, thet sensual ectivity wee commen et teabellia Bay even 
though it hes wery rerely been obeervwed enywhere in the Beaufort Sea during 
late summer of suetems, even in places where edult end large sebedult whales 
were common. 
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Bovbeots Sageged is Loco! Trove! 


Lecel trewel wee «4 common ectivity of whales et lIeabella Bey, meialy 
iewolwing singletons of pairs of whales. Most of these whales were traveling 
between the asia locations where feeding and socializing took place. Swimming 
speeds were esusliy slow. Durations of surfaecings and dives were intermediate 
between the high walees of feeding whales and the low walees of socializing 
Peales. The seme was true of the suaber of blows per surfacing. That variable, 
slong with dive deretion, was sot correlated with aaeny of the environments! 
wariables consid¢dered. Serfece times and blow interwale were correlated with 
several other wariebles; bhowewer, these results seemed to be largely «4 result 
of @ relationship te one dominant weriable thet affected several of the 
others. Little ective socialisiag occurred during local trevel. Flipper and 
teil slepe were somewhat sore common, bet still iafreqeent. Moet dives beges 
without the flukes being raised showe the surface. 


Lecel trevel endoubtedly sccerred commonly ia the Beaefort Sea a6 well. 
However, it wes Got «6 feedily recognizable there, probably because of 
ditterences between the serial obeerwetion method weed ia the weet wereue the 
coastal observation aethod esed in the east. Tee few definite cases of local 
trevel could be isolated in the westera arctic te sllew comparisons with the 
eestere arctic éate. 


Revbeote Eonened io Aotune Rigret ics 


Migrating bowheaeds trevelled consietentiy seuthesetward along the coset 
of Beftie tsleed at comparatively high epeed, eeually a8 singletons of pairs. 
Typical travel epeede were about 5-6 bash. These speeds were aeinteined over 
periods of at least several bourse, end in one case probably for at least 28 4b. 
The peek of the @igretion pest Cape Adair (250 be sorth of leabelle Bay) was 
is early October dering each of the two years of observation there (1978-79). 
The g@igretion corridor wes within 1) be of shore at Cape Adair and probably 
alee at leabella Bay. 


le the esstera arctic, geen duration of surfacing, duration of dive, and 
sumber of blows per surfacing were letermediate between walees for feeding and 
socieliaing whales, and generally similer te welees dering locel trewel, As 
average surfacing ~ dive cycle by « whale @igreting slong the Baffin telend 
eoest coasieted of «4 9.3 @in dive and «2 1.5 Gin surfacing with 6 blows epeced 
ae average of 17.1 © apart. Bowewer, @igreting whales spent lees time ef the 
surface (143) then ony other category of whale in the esstere eretic. 
Durations of beth euerfeciage on¢ dives by Gigreting bowheads tended te be 
lower whee se6 state wee high then whee it wee sear-cale. Secislicing end 
serial ectivity were very etoommen Goering Sigretion. Flebe~eet dives were 
commen, aithough lees ee thee dering feeding if deep water, 


The physica! siteations, ectivities, behewier an¢ (preeweed) age 
composition of sigreting bewheeds obeerwed ifn the eastere en¢ weetere aeretic 
were sisiler ie geny freepects. The gaia difference in citeumetoerce wae thet 
eoet sigrests obeerwed if the weet were geny tilemetere offehere ewer the 
widdie-ehelf regions, whereas theese observed in the eset were C1 be free 
shore. te beth regions, group siees were genereiiy | of 2, end there wee wery 
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Little socislisiag or serial Sebhevior. Fluke-cet dives seemed to be sore 
commons is the east. 


Dive durations averaged longer in the west then ia the east (70.01), 
whereas surface times were similer ia the two regions. Ae «4 result, bowheads 
were at the surface for « lower percentage of the time ia the weet (102 we. 
143). Ie both areas, bowheads were at the surface for a smaller proportion of 
time during @igration thes during the other ectivities thet were etedied. The 
number of blows per surfacing end the sean blow iaterwal were similar ia the 
east end weet. 


Overall, the behawior of @igreting bowheads in the eastera and westers 
arctic was gore similer then was the case for either feeding or socializing 
bowheads. However, there was « significant difference in dive durations. The 
frequency of fluke~oet dives appaerentiy slieo differed. 


Reactions to Human Activities in Esstere end Westers Arctic 


The primary objective of Phase | of thie etedy was to determine whether 
there are differences ia the ‘sormsl" behavior of eastern and westera arctic 
bowheeds. Thee, a1] enalyees summeriged asbhowe were based of obeerwations of 
bowheets thet were exposed to eny obvicws source of potential sen-mede 
éisterbence at the tige of the obeerwations. A wariety of regional differences 
in behavior haewe been identified. The perpose of Phase 2 of the project, to be 
condected in 1968-89, will be te determine whether some of these differences 
can be eecribed to leng-tere changes in bowhesd behavior ia response to the 
cumelative effects of hemaen activities ia the weetera arctic. 


In iaterpretiag the possible lLong-tere effects of disterbence in the 
eesteres ond westere arctic, it would be helpfel te baow whether there is any 
evidence that bowhesds of the two populations emhibit differences in their 
short+tere responses te hewmen ectivities. Limited date are available on 
reactions of essters a6 well a8 weeterea arctic bewheeds te onal! boats, ships, 
ond aircraft’. 


Bewheads reacted strongly te beats in beth the eastera end westere 
eretic. te beth regions, bowheeds ewan rapidly away when beats approeeched at 
high speed, sometines when the distance wae a6 great a6 4 be. Ie beth regions, 
reactions te slow-moving beets were less dramatic bet avoidance wae etill 
evident. te beth eress, there wee evidence thet beowheads often resume their 
soreal ectivities seen after fleeing {roe on approaching boat~-withia ¢-! be 
on et least some cccesions. Sore detailed comparioonse of reactions te beats is 
the twe regions are set possible because the data are limited and because the 
obeervaetion precederes and types of beats were different. Sewewer, available 
iaformetion seggeets thet sensitivity te emall weeeele ie similer ia the two 


regions. 


Vestere arctic tbewheeds eeuwslliy feact strongly te direct approaches by 
shipe, typiceliy et disetences of sewerael tilemetere. Ueder special 
c.foumstences, exemplified by « case of twe ships approaching «4 cow~call pair 
frome opposite directions, fesections may occur et greater distances. tt is 
wheertain whether any of the whales obeerwed at teabella Bay were disturbed by 
Gietent ships; if 6, the dieterbence wee @ild and iafrequeat. 
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Dering some low-lewel (e.g. 150 a) owerflightse by aircraft, bowbeeds dive 
hastily is beth the esstera and westere arctic. During other such overflights, 
the whales remsie ot the surface end seen onatiected. Ie both regions, there 
it subjective evidence thet the enimsle are less sensitive te sircralt hes 
ettively engaged ia social isterections. Although comparative data are 
limited, especially fer the eastere arctic, sensitivity te sircrait seems 
geseraliiy similer ia the two regions. 


As «@ firet appromimation, short-tere behaviors! reactions of bowheads to 
email beets, ships end aircraft sees similer in the esstera a0¢ weetere 
arctic. SGowever, the available date on disturbance reactions, especialiy is 
the easter arctic, are tee seagre for detailed comparisons. 


Coes leotone 


1. The general behavioral repertoires of the eastera and westerea arctic 
populations of bowheed whales were qualitatively similar. 


2. Botwithetending (1), there were aany quantitative differences between 
the beheviors obeerwed in the esstera end wesetere arctic. This was 
tree even theegh east-west comparisons were reetricted te whales 
engaged in similer ectivities. 


3. Some of the east-weet differences in behavior were attributable te 
differences in the environmental coeditiosns eader which bewheads 
occurred, of te differences in the ectivities of the whales. Sowever, 
even after sllewence for the effects of these corellery wariables on 
behavior, several sepects of behavior reasined highly significestiy 
ditferest between the whales obeerwed in the esetera e604 weetere 
erctic. 


4. The surfacing ~ dive cycles of whales feeding in deep (950 @) water 
were Gech Gore protracted in the esetere arctic thee ia the weet, with 
many Gore reepiretions per suerfeciog. These differences were evident 
even after allowance fer regional differences ia seasured 
eevironmests! weriebles. Sowewer, in the ebeence of epecific data on 
typical depthe of dives in the twe regions, it ie encertain whether 
the differences ia behavior were attributable *e differences in depthe 
of dives of te some other regions! difference. 


5. Behevier of bewheeds eocialiaiag in shallow (COO @) water differed 
strongly i6 sony feepects between the Besefert Sea end the lteabelle 
Bey area of the eastere eretic. Secialiaing wee @uch sore ective at 
leabella Bey, on¢ obwiees semesl interactions were gech sere comes 
there. The differences were wery likely aettribeteble i> part te 
differences in the predominant sises and age categories of the whales 
wheee bebhevier wee compared. Sowever, seteel isterections hewe wery 
rarely been seen Goering late summer of eetwes enywhere in the Beaufort 
Ses, ineleding areas where there were — edelte end large subedelte. 
Thess, there aay be real differences ie repredective ectivitics be wees 
the twe etects, 


6. 


teecetive Summery «© 


Bebevior of @igretiag bowbeets is the tee regions wee generally 
sisiler. Sewewer, dive Geretions were coesié¢erebliy grester in the 
weet, on@ tlebe~oet dives were gore commen if the eset. Since sewers! 
other Sebevierasl weriebles did sot differ significestiy betwees 
Sigrests ia the twe regions, it is diftfiewit te ewsleste the 
bieclegical sigeificesce of the twe setetieticalliy cignificest 
wariadles. 


Oversil, the behavior of esstera af tic bewheeds along the coast of 
Beffie teleed ie lete ewmmer differed qeestitetively ie « suaber of 
ways trom thet obeerwed ia the Beaufort Ses. Some bet sot all of there 
éitfereances can be aecribed te differences i« eawiroumentsl conditions 
or the types of whales o0¢ whale ectivities thet were obeerwed. The 
apperest regions! differeace ia the frequency of senesl iaterections 
is lete summer is potestialiy of particulier tepertence. Phase 2 of 
thie etedy, being Gone in 1989, will enemine whether eny of these 
behaviors! differences can be ascribed te leng-tere effects of the 
differing lewele of hemes ectiviticos ia the tee regions. 
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The Question of Long-tere Cumulative Effects of Man on Bowheads 


Over the past decade guch concern has been expressed about the possibdle 
effects of offshore oii and gas exploration on various species of endangered 
baleen whales, including the bowhead whale. One area of concern has involved 
questions about the effects of underwater soise and other stiauli associated 
with industrial activity on the behavior of whales. As a result of this 
concers, the U.S. Department of the Interior and other agencies--goverament 
and industrial--have funded several aajor studies of the short-tere behavioral 
reactions of baleen whales to industrial sounds. Major studies of this type 
have been done on bowhead whales, gray whales and humpback whales. These 
studies have provided partial quantification of the relationships between 
moise levels and the short-tere disturbance responses of baleen whales. 
However, these studies have provided little information about the significance 
of short-tere behavioral responses to the long-term well-being of whale 
populations. 


Studies of the possible long-tere reactions of a population of whales to 
human activities are difficult to do, for « aumber of reasons. (1) A long-tere 
study gust, by definition, continue for an extended period, ideally a long 
period relative to the lifetimes of the enimals involved. (2) Long-ters 
experiments are generally impossible; one gust rely on observations of whales 
in relation to year-to-year changes in actual human activities. (3) Oftenr 
there are few of a0 quantitative data on whale activities prior to the start 
of the human activities that are suspected to affect the whales. (4) Data 
accumulate very slowly in such « study, in many cases at the rate of one 
observation per year, e.g. cumber of whales present each year. (5) It is very 
difficult to isolate the effects of one factor, such as human activity, fro 
other factors, such as natural variations in the environment. Most or all of 
these problems have been evident in previous attempts to evaluate long-ters 
effects of buman activities on whales, e.g. for 


— minke and Baird's beaked whales off Japan (Nishiwaki and Sasao 1977), 

- gray whales in lagoons along Baja California (Bryant et al. 1984), 

~ humpback whales in Hawaii (Norris and Reeves 1978; Glockner-Ferrari and 
Ferrari 1965; Beaver and Herman 1986), 

~ humpbaecks in southeast Alaska (MMC 1979/80; Dean et a1. 19865), and 

~ bowhead whales in the Canadian Beaufort Sea (Richardson et a1. 1985a, 
1987a). 


Bowheads in the Beaufort Sea react, at least briefly, to underwater soise 
from ships, seismic exploration, garine construction, and drillehips 
(Ljengbdled et al. 1985, 19886; Richardson et a1. 1985b,c, 1986; LOL and 
Greeneridge 1987). On a longer-term basis, there are indications of reduced 
etilisation in recent years of the part of the summering range where offshore 
oil exploration has been ian progress ower the past decade (Richardson et al. 
1965a, 1987). However, the degree of decrease in utilization of that area is 
controversial (Ward and Pessah ia press) because there had been no systematic 
studies of bowhead distribution or behuvier ia summer before oil exploration 
begen. It is possible that some or all of the year to year wariebility in use 
of the industrial area in recent years has been the result of responses by the 
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whales to satural fectors, especially the wariable distribution of their food 
(ESL et al. 1986; Thomson et al. 1986; Bradstreet et al. 1987). 


Rationale for Comparing Sering/Seaufort and Davis Strait Stocks 


Questions about the long-tere responses of endangered whales to human 
activities like offshore oil exploration are important despite the 
difficulties iavwolwed ia designing and conducting effective studies. 
Recognizing this, MMS identified « new approach that aay provide insight into 
the long-tere, cumulative effecte of human activity on bowhead whales. 


The Western Arctic stock, in which the Alaska OCS Region of MMS has « 
perticuler iaterest, has been expoecd to considerable human activity for « 
prolongeé period. This human activity sas included offshore oil exploration on 
pert of the summering grounds since about 1976, additional oil exploration in 
Alaskan waters during the 1980s, other vessel traffic, and subsistence hunting 
pressure each spring and eutumn. In contrast, the Eastern Arctic (* Davis 
Strait/Baffin Bay) stock has been exposed to considerably less human activity 
in recent decades. Behavioral and other observations have been acquired during 
studies of both stocks in recent years. MMS has recognized that « comparison 
of existing data on the behavior of these stocks sight provide insight into 
the possible cumulative effects of human activities on bowhead behavior. 


The following subsection summarizes some basic background information 
about the Western and Eastern Arctic stocks of bowheads. 


{ Summary of the Stocks 


Historically, bowhead whales had « disjunct circumpolar distribution 
(Fig. 1) consisting of four or five presumably discrete stocks: 


~ Western Arctic (of North America) stock in the Bering, Chukchi and 
Beaufort Seas, 


Sea of Okhotek stock of the eastern USSR, separated from the Westera 
Arctic stock by the Kamchatka Peninsula, 


Northeast Atlantic or East Greenland/Spitebergen stock, 


Davie Strait/Baffin Bay group occurring west of Greenland and in the 
Canedian eastera arctic, and 


- the Hudson Bay group. 


The degree of discreteness of the Hudson Bay and Davis Strait/Baffin Bay 
groups is sot known. They may overlap in winter (Finley et al. 19862, p. 57; 
McLaren and Davis 1962; Reeves et al. 1983), in which case they aay constitute 
a single ‘Eastera Arctic’ (of North America) stock. 


The Western and Eastern Arctic stocks are effectively separated by « gap 
in bowhead distribution in the central and western part of the Canadian arctic 
archipelago (Fig. 1). This area is weually cowered by heavy aulti-year ice for 
most if mot all of the summer. There is ao reliable evidence of exchange of 


* 


Figure |. Approximate world distribution of bowhead whales prior to commercial whaling. Current rcaenge of each 
stock may not be the same. Recent (1956-82) sightings of single bowheads in the eastern North 
Atlantic are shown by dots. (From Brehaw 1984.) 
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iedividesls between these two stocks, although the possibility of exchenge of 
a tew iadividesis on rere occasions cannot be ruled out (Reewes et a1. 198 }>; 
Bockstoce 1986, p». 255). 


All five groups of bowheads were hunted commercially prier te the 20th 
ceatery, ead were reduced to email reenents of their historical popeletions. 
The Bortheast Atlestic stock was effectively extirpated. The Sea of OCkbotek, 
Bedson Bay and Davie Strait/Beffia Bay groups are cow wery emall. Only the 
Bering/Seaufort or Western Arctic stock still exists is substantial susbers. 
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The history end present states of the Western and Eastera Arctic stocks 
of bowheads are quite different in several respects. The Western Arctic stock 
was bunted commercially srimerily during the widdle and latter portions of the 
19th century, with iisited commercial whaling continuing eatil about 1915 
(Bockstoce 1966). A subsistence harwest by Alaskan Eekiaos has continued to 
the present day. Nowadays, whales are heated from enmotoriced boats deployed 
from the landfast ice edge in spring, end from sotorbosts in sutuns. 


The Western Arctic stock is sow by fer the gost sumerous stock of 
bowheads. Estimates of ite sise have increased greatly ower the pest decade as 
censusing sethods have iaprowed. The gost recent estiaates for the Vestera 
Arctic stock are 7200 (IWC 1968; Zeh et al. 1988) and 7800 (IWC in press) 
bowheads, with « wide range of encertainty. 


Westera Arctic bowheads winter in the central and sorthweset Bering Sea, 
summer in the eastern Beaufort Sea and Amundsen Gulf, and @igrate sround 
western and sorthera Alaska in epring and eutwmn. Besides the subsistence 
hunting pressure during parts of the spring and sutumn sigration, the whales 
are becoming increasingly exposed to offshore oil exploration in warious partes 
of their range. The south-central part of the summer range has been an area of 
much offshore oil exploration since 1976. More recently, some oil exploration 
has begun along the eutumn s@igretion route through the Alaskan Beaufort Sea. 
Extensive seismic exploration preceded and accompanies this oil exploration. 
Oil exploration is alee a possibility during the seat few years slong parte of 
the sigretion route through the Chukchi Sea and in parts of the winter renge 
im the Bering Sea. Besides the oil industry activities, there ie alee lisited 
ship traffic near bowheads occupying various parts of the summer end sutunn 


range. 
Lestere Arctic Stock 


In comparison with the Western Arctic stock, the Davie Strait/Baffia Bay 
bowheads were hunted commercially for «a euch longer period, from the i/th to 
the early 20th centuries (de Jong 1978; Rosse 1979, 1965; Mitchell and Reeves 
1981). Rows (1979) estimated that « einiaus of ower 28,000 bowheads were taken 
frome the Devise Strait/Beffin Bay stock based on available records for the 
period 1719-1911. Thie cumulative estimate of catch is known to substantially 
enderestioate the actual harvest, bet the total Kill is set Keown. During the 
early years of commercial whaling the population sizes aay have been sbout 
11,000 eniesls for the Davis Streit/Seffia Bay group ples about 6860 for the 
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Bedeon Bay group, with considerable eacertaiaty (Pitchell end Beewes 1981). By 
the early 20th coatery beth groupe were aslacet eatiact. 


le coetrest te the Bering/SGeeefort stect, the Davie Streit/Beffia Bey 
gtoep bes Sot recovered te any significant degree. At present, it epperentiy 
coesiete of ae gore thes « few bheetdred enimele. The aoet recent deta suggest « 
popeletion sise of at least 200-300 iadiwidesis, encluding the Sedeoe Bay 
enieslis (Fialey et ol. 1986; Fialey 1987). Although there hes been co routine 
or selboriced subsistence barwest of Eestere Arctic bewhesds since the end of 
commercial whaling aboot 70 peare age, bowheads ore tilled by Tewit of rere 
occasions. Mitchell end Beewes (1982) heave epeceleted thet, gives the wery 
email eteck sise, thie eccesions! beating pressure aay be @ significant fecter 
is prevesting popelaetion recovery. Predation by biller whales alee aay be « 
significest source of aeortality (Mitchell end Beewes 1962; Finley et al. 1986; 
Finley 1987). 


The reenest Devise Streit/Seffie Bey groep presentiy wieters ia ite 
bietorical wieteriag renge in the peck ice seer the ice edge in Davie Strait 
end perhaps Gedeon Strait (Fig. 2; Meleres end Devise 1962, 1983; Bore and 
Beide-~Jorgessen 1983). The wiater range of the Devise Strait/Beffia Bey group 
is somewhat encerteia beceese of the enknown degree of segregation of those 
whales from the Bedeon Bey voales, some of which seem te wieter at least a 
far east a8 easter Bedeos Strait (Pieler et a1. 1982). 


Some whales Gigrete serch ie epring seer the Greeslend coast, enere ice 
conditions are lighter thee on the weetera side of Baffin Bey, and thee trewel 
weet ecross Baffia Bay at ahowt the letitede of sorthersa Baffin telead. Others 
move sorthwest through the peck ice at sore southerly letitedes later ia the 
season when the peck ice is deteriorating end receding southward (Fig. 3). The 
limited aevaeilebic serial serwey coverage veggeets thet few bewheads occur ia 
extreme sorthera Seifia Bay during epring (Koeki ond Davie 1979; Koeki 19800), 
although there are some 19th contery records there in July (Reese and Bectwer 
1981). 


Ie late eprieg of summer, depending of the date when lendfast ice breaks 
op, bowheeds enter werieus chennels, bays end fierds ia the Canadian aretic 
islends, primerily wie Lencester Seend arownd sorthers Baffia telend (Fig. 2; 
Southwell 1898; Menefield 1971; Fialey 1976; Greendale end Srowsseeu-Creeadale 
1976; Johneon et a1. 1976; Keeki ond Dewie 1979, 1980; Dewie ond Koski 1980; 
Koski 19806; Bese end Mectwer i981; Beewese et a1. 1983). The meet 
southeasterly of the gajer lete summer concentration poiete obeerved dering 
recent years is ot leabella Bey, eaet~contral Beffia tsleed (Fig. 2) Koski and 
Devise 1980; Reeves ot al. 1983; Finley et a1. 1966). Dering the 19th coatery, 
many bowheeds were billed somewhat farther te the southeset in August and 
eepecially ia September (Reese end Mectwer 1981). 


The old whaling literetere conteine aany suggestions that different 
components of the popelation concestreted in different summering areas. 
Sebeduits, cows ond calves were e014 te concentrate te the serth end weet, off 
morthers Beffia teleed. te contrast, whales foend ia lete summer ia fierds 
slong eastere Baffia teleed were e214 te be primarily lerge enimale without 
calwese (fechricht enf Seieherdt 18966; Brown 18666; Soeethwel!l 18998; Lebbect 
1937). 
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Figure 2. Dietribetion end iaportent summering areas of the bowhead whale in 
the eastern Canedion Arctic. (froe Finley et al. 1986). 


Figure 3. Awerage positions of feet ice and peck ice by sonth during spring. 
(from Roses and Mectver 1981, based on 0.5. Navy data for 1952-71). 
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le setums, the bowheeds thet summer lerthest serth end weet eigrete eset 
pest sorthere Geffia telend end thee south along the coast of esstere Baftio 
Isleed. They heave bees eositored [roe « clifftep ebeerwetion site et Cape 
Adairc (Pig. 2) dering toe setwms seasons (Koeki ond Dewis 1979, 1980). Bering 
October, these whales Gigrete south pest leabelle Bey end other conceetret tos 
eoiets slong esstera Gaffia Isleed, possibly ieterwingliag with individesi« 
thet howe spent the lete summer there. Beffia Bey eeealiy is lergely — 
éeriag this period. 


There hes been ao offshore oil drilling is the summer or early eeteme 
renge of the Dewie Streit/Seffie Bay bowheads. There hee been only « wery 
limited esowst of oil euploretion in the wieter renge off the west coset of 
Greesiend ond is Dewie Streit, end little of thet ectivity wes dering the 
wieter when bowheeds wight be present. There hes beeen some seismic expleret ioe 
in these areas. The esaouwnt of seiesic exploration in the renge of the Eeetere 
Arctic bewhesds hes sot been compiled ond published, bet it is endowbtediy 
mech lower thee the eaownt of seismic enpleretion ie werteus perte of the 

of the Weeters Arctic bewheeds. There is commercial a0¢ subsietence 
fishing off the weet coast of Greeslend, sithough wery Little of thie would be 
in wieter whee bowheeds are present in thoee waters. There is limited senmer 
shipping is werioes parte of the range, slong with leesl govements of email 
beets erownd communities. As soted showe, there is ae heat fer Eestera Aretic 
bowheads. 


tt is eppereat thet, is recent decades, the Dewie Streit/Beffia Bay 
bowheeds have been exposed te gech lees hemen activity thes heave the Weetere 
Arctic bewheaeds, although the retic hes set yet been quantified. These, the 
forser group sight be considered «4 control population against which the 
behavior of Vestera Arctic bewheads can be compared. This provides a poesible 
approach for evaluating whether the increasing human activity in the renge of 
the Weeters Arctic eteck hese led te long-tere changes ia behavior. 


aveiledle Sebeviore) Bete 


Many data on the behavior of Western end Lestera Arctic bewheeds heave 
been collected in recent years. Thes, @ comparison of the behavior of these 
two stocks can be done esing exiating data. 


Weotere Arctic Stock 


Several aajor setedies since 1980 have provided « large quantity of dete 
on the behavior of Weetera Arctic bewheads in epring, summer end setume. ta 
spring, the behavior of wigreting bowheads hee bees documented syetemet ica! ly 
for severel years Guring the census slong the ice edge sear Barrow (e.g. 
Carroll et el. 1987). There hewe been edditions! incidental sircraft-besed 
obeervetions of behavior Goering spring. te lLete cammer, behevior of bewheads 
in the Canadien Beaufort Sea wae studied syetemsticaliiy fro. 1980 te 1984 
during the LOL/HNS bowhesd behavior ond disturbance study (Wireig et ai. 
19840, 1985e,b, 1986, Doreey et a1. in presse). Ie euteme, behavior of bewheads 
feeding end sigrating ia the Alesten Beaufort See hee been etedied 
systematically during projects funded by MHS (Liengbled et o1. 19648, 1985, 
Richardson et al. 19876) end industry (Keoki end Johanson 1967). 
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Tebes together, these stedies previde « large eeowet of date, some 
eyetesetic enf some aot, of the behewier of Veetere Arctic bewheads Gering 
teree of the asin phases of the senesl cycle. Beep of the data collected is 
eockh of these seasons perteie te ‘presumably eetieterbed” bewheads, i.e. to 
wWhalee thet were Get enposed te seiee Troe bemee ectivity of the time of the 
ebeervations'. Sebewior of the Sestere Arctic bewhesds bes cot beee etedied 
Goering lete eutwes if the Chekehi See, ering wieter i the Bering See, oF 
Gerieg early summer te Amendeee Gell ond offehere ie the Besefort See. 


Cectere arctic Stock 


The behevier of bewheeds bee Get been stedied a6 intensively ia the 
ore os is the weetere arctic. Sowewer, « significest saeest of iefermetios 
bees collected by LOL Lid. Geriag tee sitestions: 


1. Dewheet@s speeding the ite summer of leebella Bey, eeetere Seffia 
Isleed, were etedied for four years (198)-87) a6 pert of « study 
fended primeriiy ty the World Wildlife Peed Cenedsa (Pieler et al. 
1986; Fialey 1987, enpebl.). Beteiled behewlerel ebeerwetions were 
collected, ie Geny cases esting the theedelite treching sethed. 
Rowever, aeny of the bebeviorsl Geta were Get ensliyeed ie deteil, 
since this wee set one of the aeie etedp objectives. Limited dete on 
eceenegraphic conditions, food eveilebility, ete., were obtained at 
leabellea Bay ie 198)-*7, 


2. Behavioral observations of @igretiag bewheads, iwecleding 
serfeciag~respiretion-dive crcles en ewleming speeds, were collected 
by theedelite free « clifftep at Cape Adair, Saeffia teleed, dering 
the setemes of 1978 end 1979 (Keeki ond Dewie 1979, 1980). Thie wort 
wee pert of the ledestry~fended Eestere Aretic Seriae fHewi ronmeeta! 


Study. 
Almost «11 dete from these tee etedios perteie te endieterbed whales. 


te e@ditios, other dete of the dietribetion, Gewements on¢ other sepects 
of the bielegy of Eeetere Arct.c bewheads were collected by LOL dering verioe 
sircreft+, shere~, en@ etedios (6 epring, Sommer, seteme on¢ wieter 
from 1975 te 1982 (Pieley 1976; Jobeeee of a1. 1976; Keoki end BDewie 1979, 
1980; Devise end Eoeki 1980; Eoeki 19806,.6; Melaeres en¢ Dewie 1981, 1982, 
198)). 


Thee, @eteiled bebheviorel ebeerwetions of ‘preeumebly eadieteebed’ 
bowheeds [roe beth etecks hewe been collected dering twe sitestions: (') of 
lete summer feeding groweds, anf (2) dering setwme @igretion. These date 
previde «@ besie for comparing the sermel behevior of the tee etecke af 


corresponding phases of their anneal cpeles. 


| Sebeviorel obeervetions free civeliag aivreraett are cownted a6 
"presumably eedieterbed’ only if the aireraft wee of a8 altitude of af least 
1500 ft (457 @), which hee been found te be high enough te eveid significest 
sirerett dieterbence (Bicherdeee ef a1. 19858,¢). 


letreéection 10 


Piess i eve 


The eversll objective of the preseet etudy is te éetereine whether there 
is ony evidence of differences if the bebewior of the Geetere anf teeters 
Aretic etects of bewheeds thet coe be ettribeted te comeletive, long-tere 
eftects of the greeter Gegree Weetere Arctic bewheeds te hemes 
ectivities. Thie overall objective Nee bees formulated by WEE ae « teet of the 


following cell tyrpothesic: 


Bg: There are ae significant differences is seresl tehevior 
betweee bowheed whalee of the Weetere Arctic a0¢ Dewie 
Streit etecke. 


le oréer te teet thie bypetbesio end ieterpret the reeelte, if ie seceeeery to 
eesipee the enietiang bet prewieesip~enensivoed dete of the behevior of the 
testers Arctic bewhee@s, compere their behewior with thet of the Weetere 
Aretic eteckt, qeeetify the reletive emeests of hemee activity te which the tee 
stechse hewe bees enpeeed if feceet peers, anf eveleste whether any cbeerwed 
differences ie behevior are ettribeteble te differences ie bemen ectivitics. 


WE hee formulated the epecific objectives ie the fellewing wer: 


1. Anelpee feceetiy collected few dete of the sores! Sehevior of beowhead 
whales of their summer feeding growede in the fierde of eaetere Beltia 
Ieleed. 


2. Belate ebeerwed behaviors te seteral feaeteres iseleding Gepth, 
terbidity?, seersess te shore, tiee of pear, weather, on¢ ice 
conditions. Compere these obeervetions with theee free the Beeefeort 
Sea feeding areas. [Gheerwetions slong fell wigretion roetee were alee 


compared.) 


3. Queeetify en@ deseribe the similarities en¢ differences ie cbheerwed 
sores! behevior of Dewle Streit bewheeds we. comparable bewheeds in 
the Beeefort See. 


&. Queetify the differences ie degree of eaposere to offehere ofl end gas 
ectivities, ee¢ ether hemee activities, betwees the Weetere Aretic end 
Devise Streit bewhead etocte. 


5. Perfore® epprepriate etetietiosn! enelpece te identify etetietica! 
significance end for bypethesi«a teeting. 


6. Search fer correlations betwee obeerwed behaviors e04 degree of 
enperere te hemes coweed eet iwvitics. 


The etedy wee pleased a6 & twe~phese project. te Pease i, the behavior of 
the tee etecke of bewheeds wee te be compared. Phase ject inne 


2 Specific dete of thie pelet are set eveilaeble. 


letrodectioe i! 


i+} ond (ie pert) 5 tree the ebewe liet. Ie Phase 2, the relative exyosere of 
the tee steckhs te bemen ectivity is te be detereined, aen6 behaviors! 
sim leritieos end differences between stocks are to be ewsleated ia relation te 
éifteresces in tbumen ectivities (objectives 4, part of 5, 6). The present 
repert presests the reselts tree Phase | of the project. 


XRX 


Deriag Phase |, we ested behaviors! Gate collected ia the absence of known 
sources of potential disterbence dering previous studies to compare sornal 
behevior of Dewie Streit/Seffia Bay (coetrol) we. Bering/Beaefort bowheads. 
Tee asia eppreaches were esed te distingwieh withie-steck froe between-setoctk 
ver ietior. 


1. The behewior of Eeetera Arctic bewheeds was enamined relative to 
eevironmests! weriebles (e.g. water depth, see state, ice cower, 
édistence frome shore, dete, time of day) and whale activities (e.g. 
feeding, socializing, local trewel, @igretion) to identify sources of 
withie~popelct ion werietiosn. Ansliyees of these types have already been 
done of of «Se Weetere Arctic data~-Wirsig ot a1. 19840, 19854,5, 
1986; Keeki ond Jobesoe 1967; Richardson et a1. 19876; Sorsey et al. 


ie preee). 


2. Appropriate sebeete of the Weetera end Easiera Arctic data were 
selected te previde the sanieue possible degree of comparability. For 
enenple, behevior of Eeetera Arctic bewheads thet were feeding ia the 
weter coleme ie deep water (4 common situation ot Leabella Bay) wae 
compared with behevior of Weetere Arctic beowheads feeding in the water 
colume ot deep locations. 


After ideetifying comparable sete of date for the two stocks, we compared 
behevier is three ways! etiwveriate etetietical analyses of individual 
behest .orel wertebles (e.g. serfece times, dive tines, sumber of blows per 
serteciag, ete.), qultiveriete etetietica! enalyees of «4 wariety of wariabdles 
considered simelteneoesiy, e694 quealitetive end quaentitetive examination of 
types of ertivitios eed weceliagtions eahibited by the two eteocks of bowheads 
weter comparable coeditives. Beeed on these analyees, we aeeeeeed the walidity 
of the gell typethesio of se difference between the behavior of the two 
bewhesd popeletions. These tepice are all dealt with in the present report. 


Theee i 


le Phase 2, Hemen ectivity iefereation will be compiled for the warious 
areas coceplet by Eeetere end Weetera Arctic bewheads ia different seasons. We 
eeeume thet the overall Sehevier of « popelation of whales could be iafleenced 
by bomen ectivities en.ewstered of seasons other thes theee when the whales 
ere obeerved. Therefore, we will consider hemes activities dering the parte of 
the Eesters en@ Weetere Aretic renges esed through the year. Meny of the 
necessary weetere data hewe already been compiled (Richardson et a1. 1985e, 
1987a, Bertes end Mebeasld 1966; Berton et a1. 1987; Breewer ot a1. 1988). 
Mere effert will be seeded te compile corresponding Gata for the Davis 
Streit/Setfia Bay bowheeds, since se related work has boon done previously. 
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Based on these human activity data, we will--for each stock--develop an 
overall seasure of the human activities encountered during each season, and 
éuring the year as a whole. Available data on noise levels and sensitivity of 
bowheads to each type of activity will be used in ranking activities. Eastern 
and Western Arctic results will be compared to quantify the relative exposure 
of the two stocks to potentially disturbing activities. We will then assess 
whether any of the between-stock differences in behavior demonstrated in Phase 
1 (this report) can be attributed to differences in the cumulative effects of 
human activities. 


The resainder of this report deals with the Phase | objectives-- 
documentation of the behavior of the Eastern Arctic bowheads and comparisons 
of their behavior with that of the Western Arctic stock. 


Western Arctic 


Many bowheads feed and socialize over the broad continental shelf in the 
southeastern (Canadian) Beaufort Sea during August and early Septeabdber, after 
most ice has receded from that area. Their distribution varies widely fro 
year to year (Richardson et a1. 1965e, 19874). Im some years, including 
1963-86, large qumbers of omall subadult whales occur in wery shallow (<20 a) 
nearshore waters during late August and early September. In other years, these 
nearshore concentrations are sot so evident, although there is still some 
shoreward movement late in the summer (Richardson et al. 19865a, 19874). The 
year 1962 was enusual in that gost whales remained in deep water during late 
suemer. Also, during 1982 large whales, including mothers accompanied by 
calves, comprised «a larger than normal fraction of the observed whales (Davis 
et al. 19863; Koski et al. 1968). Large whales tend to be proportionally moe 
common east of Cape Bathurst ia Franklin Bay and Amundsen Gulf than they are 
ower the continental shelf of the southeastern Beaufort Sea. 


During late summer, the western edge of the range is sormally sear the 
Alaska/Yukou border, with only a emall (and variable) proportion of the whales 
being in Alaskan waters. Those that ere off Alaska during August tend to be in 
deep water over the continental slope (Liwngbled et a1. 1987; Moore et al. 
1988). 


Some westward sovement, interspersed with feeding, occurs during August 
and early September. However, from mid Septesser onward westward migration 
becomes more pronounced, feeding becomes less frequent, and bowheads become 
common in the Alaskan Beaufort Sea (Liungbled et a1. 1987; Richaeréson et al. 
1987). When travelling throwgh Alaskan waters, they tend to be ower the 
mid-shelf area, closer to shore than in August. The last bowheads do not leave 
Canadian waters until October and sometiaes November, when ice cower is 
usually quite extensive. 


All Westera Arctic data considered here were collected from an 
observation siccraft circling at an altitude of 457 @ of aore--high enough to 
avoid significant disturbance by the observation aircraft (Richardson et al. 
1965b,c). Many other bowheaeds may have been disturbed by an observation 
aircraft below 457 @ altitude or by « nearby vessel, an industrial site, or 
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enother bumen activity. All such ‘potentially disturbed’ observations have 
been excluded from all analyses in this report, with the exception of the 
brief section ‘Comperison of Reactions to Human Activities’. The potentially 
disturbed data were excluded because our objective is to see whether the 
‘aormal’ behavior of whales in the Western Arctic differs in any basic way 
from thet ia the Eastern Arctic. 


The largest of the four Western Arctic datasets came from the LCL/MMNS 
study of bowhead behavior and disturbance responses in the Canadian Beaufort 
Sea during the iste summers of 1980-64 (Richardson, ed., 1985). Behavioral 
observations were obtained from | August to 8 September, but mostly in August. 
Locations where presumably undisturbed bowheads were observed were widely 
distributed (Fig. 4), but waried from year to year following year-to-year 
variations in the concentration areas of the whales (Richardson et a1. 1985a, 
1967a). Water depths at observation locations waried from less than 10 @ to 
about 1700 =. Distences from shore varied from about 100 @ to 148 ke. In 
1980-81 and 1983-84, most observations were in relatively shallow (<50 a) 
waters, but in 1982 aleost «ell observations were over outer shelf and 
continental slope waters 50-500 @ deep. The great majority of these 1960-84 
data were collected under open water conditions. However, « small percentage 
were collected ia or close to drifting pack ice whose percentage cover ranged 
from <12 to 85%. Information about the individual observation sessions in 
1980-83 can be found in Table 1 within each of Wirsig et al. (19862, 1983, 
1984b). 


The second Western Arctic dataset came from the LOL/MMNS study of bowhead 
feeding near the Alaska/Yukon border from 3 to 29 September of 1985 and 1986 
(Richardson et al. 19876). Water depths at observation locations weually were 
5 to 530 wm, with « single exceptional case over water 260 = deep (Fig. 5). 
During September 1985, wery few whales occurred west of the Alaska/Yukon 
border entil after wid September, by which tia pack ice covered most of the 
study area and new ice was forming rapidly. In 1985, ice cover at observation 
locations renged frome 0 to 50%, plus 100% ‘grease’ ice on a few occasions. In 
contrast, during September 1966 the late summer feeding range of Western 
Arctic bowheads extended slightly iato Alaskan waters, and the ice edge was 
whusually far offshore. There was so ice at any of the behavioral observation 
locations in 1966. For information sbout the individual observation sessions 
in 1985-66, see Richardson et al. (1986, p. 196; 19876, p. 334). 


The third Western Arctic study whose data are considered here was an 
LOL/Shell Western study of bowheads near the Alaska/Yukon border and awigrating 
past drillsites in the Alaskan Beaufort Sea (Koski and Johnson 1987). Their 14 
behavioral observation sessions extended from 4 September to 6 October 1986. 
Some of the data from this study were believed to represent the behavior of 
endisturbed whales, and are considered here. For more details about the 
individual observation sessions, see Davis (1987, p. 37) and Koski and Johnson 
(1987). 


The fourth Western Arctic study that provided some data for the analysis 
was the behavioral observation project conducted by the Naval Ocean Systems 
Center end SEACO Inc. in 196) for MMS (Liuwngbled et a1. 1984b). Moet of their 
data were collected in the abseme of potentially disturbing human activities. 
We considered BOSC's 196) data on ‘presumably undisturbed’ sigrating whales in 


Figure 4. Eastern Beaufort Sea region showing bathymetry and locations of behavioral observation sessions. 
(From Wirsig et ai. 1985). 
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Figure 5. Lecations where behavior of bowheads wae observed, and where 
calibrated vertical photographs were acquired, during ULCL/MNS 
bowhead feeding study, September 1965-86. When there wae >! 
behavioral or phote session on one date, the sessions are designated 
A, 8 and C. (Prom Richerdeon et a1. 19876). 
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order to supplement the rather small LOL dataset concerning migrating whales 
in the Beaufort Sea. The BOSC data used in the present project were collected 
in the Alaskes Beaufort Sea on six dates from 12 to WO September 1963. There 
was extensive pack ice in the areas through which these whales were awigrating. 
We did sot consider NOSC’s data on other categories of whales aside fros 
actively migrating whales. We also did sot ese BOSC's data from years other 
then 1963, since their observation procedures differed from LOL's in earlier 
years, and since gost whales observed by BOSC in 1984 were ‘potentially 
disturbed’. 


Lasters Arctic 


The seasonal movements of bowhead whales within the Davis Strait and 
Baffin Bay region were summarized in the Introduction, earlier. Behavioral 
data were collected in late summer and sutwan at two locations along easters 
Baffin Island: Cape Adair and Isabella Bay. 


Cope Adair 


Observations of the sutuan wigration of bowheads were conducted in 1978 
and 1979 from Cape Adair, a coastal cliff ower 200 @ high along the coast of 
northeast Baffin Islend (Fig. 2). Cape Adair is @ promontory located aidway 
between two fiords, Scott and Patterson Inlets. The continental shelf slopes 
gently to the 200 @ isobeth, which is sbowt 25 ke offshore from the cape. 
Observations from Cape Adair were conducted from a vantage-point about 209 « 
above sea level. Observation periods totalled 


~ 260.0 bh from 13 Sept to 7 Oct 1978, and 


— 277.4 h from 20 Sept to 16 Get 1979 (hours when visibility <1 ke 
enc luded). 


The current off Cape Adair is predominantiy south-flowing with emali 
scale perturbations induced by glecial troughs thet cut across the continental 
shelf and temporary reversals due to countervailing wind events. Current flows 
very from 12-24 ca/s (0.430.806 bes) in searshore areas to faster flows 
(24-40 cm/s) at the edge of the continental shelf (Fissel et a1. 19862). The 
eres was essentially ice free during the periods of observation. 


Leebeite Sey 


Obeervations of bowheads in Isabella Bay have been obtained froe Cape 
Raper, the coastal headland at the sortheast corner of the bay (Fig. 6). Most 
data were obtained {roe the top of «2 136 @ hill about 2 ke weet of the tip of 
Cape Raper, cow officially keown a6 Baleena Lookout. Som data were obtained 
from Cape Raper iteel{. Obeervaetion periods were as fol..es: 


14 Aug-i8 Sept 196) (Finley et al. 1983), 

18 Aug-i5 Sept 1964 (Finley et al. 1964, 1986), 
1? Aug-2) Sept 19865 (Fialey et al. 1966), and 
& Sept~-9 Oct 1986 (Finley 1987). 
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Additional observations were obtained from 30 Aug to 3 Oct 1967 (Finley is 
prep.). Bowever, in 1987 the bowhesds were often too far away to allow 
reliable shore-based observations of behavior. The 1987 data are sot 
considered ia the quantitative analyses of behavior presented in this report. 


Isabella Bey is the outer extension of NcBeth Fiord, « typical 
édeeply~incised Baffin Island fiord. Maxiaum depths reach 560 @ sear the head 
of the fiord west of Isabella Bay, and gradually become shallower toward the 
mouth where there is «4 sill. Depths at the mouth of the fiord ia Isabella Bay 
éo sot exceed 250 «. The 200 @ isobath at the outer edge of the contisental 
shelf is located about 55 ke offshore from Cape Raper. 


Three local bathymetric features are importent in relation to the local 
distribution of bowheads at Isabella Bay. The firet is an extensive, shallow 
(<30 =) bank, Isabella Bank, immediately adjacent to the observation site just 
inside the bay (Fig. 6). The other two features are glacial troughs that cot 
ecross the continental shelf, ome located to the sortheast of Cape Raper 
(hence WE Trough) and the other located in southeastern Isabella Bay of f Beary 
Kater Peninsula (hence Kater Trough, Fig. 6). These troughs reach depths of 
250 @. From Baleena Lookout, bowheads are readily observable when they are on 
Isabella Bank, and less readily obeervable by telescope when ia the Northeast 
Trowgh. tn 1966-87, bowheads were gost common over the Kater Trough far free 
Balaena Lookout. Surprisingly, blows of whales ower Kater Trough somet ines 
were detectable at ranges of 30 ke of sore when visibility end Lighting 
conditions were ideal. On one date (6 Oct 1986) tail flukes of whales over 
Kater Trough were visible from Baleena Lookout. However, observations of blows 
or of whales at these long ranges were wery incomplete and are sot wesed in 
this study. 


The marine system at Isabella Bay is dominated by the southward flowing 
Baffin Current. laterections of the Baffin Current with the bathymetry and the 
tidal currents of the fiords establish ephemeral smali~ecale circulation 
features such as eddies observed at the south of Isabella Bay. Although the 
tidal emplitede is low (1.2 @) at Leabella Bay, the tidal bore chaerecterietics 
of the fiord basin enhance the flooding and ebbing regiae. 


The highly vwaeriable wied rcegiee also affects surface currents, and 
possibly the availability of seeplenkton to bowheads. Later@itteat 
wind-indeced changes in surface currents aay occur over « period of «a day or 
several days. Wied trajectories end store traecks are bi-directional either 
northerly or southerly, depending on the specific position of « 
quasi~stetionsry, upper atmospheric trough thet tends to be situated over 
Baffin island (Maxwell 1962). The aligament of the shallow continental shelf 
parallel to the prevailing wied enhances wind forcing. The prevailing 
southward-flowing surface current aay be enhanced by sortherly wieds or 
retarded by southerlies (Fiesel et a1. 1982). The average surface flew rate 
varies considerably between years, @.g. 0.57 tmsh in 1985 we. 0.95 bash in 
1986, depending on prevailing wind regines (Finley et a1. 1986). 


Generally the lest of the Baffin Bay pack ice fields disintegrate ia late 
summer in the coastal region between 68*and 7O°R. Ia some years, such a6 198), 
the peck ice fields can remain throughout the year. In other years such as 
1985 the peck ice may be gone by early August. In gost years the pack ice is 
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Figure 6. teabella Sey stedy area showing baethyeetric coateere (50 «@ 
intervals). The extent of the Eeter Treegh is set well beown. (free 
Finley 1987). 
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gone by late August. After the peck ice bes disappeared, bigh waves and swells 
are common at leabella Bay. Sew ice esuslliy begins forming in wid October. 
leeberge are always present ia the eres, either drifting southward or 
grounded. lceberge grounded on the tip of Eater Bank create a distinctive 


"berg patch’. 
m=z Teoos 


Westere Arctic 


Similer serial obeerwation sethods were employed during ail four of the 
stedies whose data are considered here. The specific details of the 
obeervation procedures employed during each study and each year are given in 
the previously~-cited reports of the individesl studies. The following is « 
general summary of the standard procederes. 


Bowheads were located by serial recoenaeissance techniques. While 
searching for bowheeds to observe, we esualiy flew at 457 @ (1500 ft) above 
eee level te evoid or at least @inimice aircraft disterbence as the aircraft 
arrived ower whales. te «2 few cases the aircraft wae at «2 lower altitude whee 
whales were first encountered, but cliabed to 2457 = for observations. If the 
sircraft flew ower or seer the whales while below 457 @, the subsequent 
obeervetionsl deta were sot considered to be ‘presumably endisterbed’ watil 
the aircraft hed been at 2457 @ for 30 win. 


All Weetere Arctic Gate considered bere were «acquired from twie-engine 
high-wing aircraft thet could circle tightly end continuously for several 
hours et low speeds. Almost all 1980-84 summer data were scquired frome « 
Britten-Bormen ‘Islander’ aircraft, which hes piston engines. A few 1983 
summer deta ples all 1965-86 eutwen date were scquired froe de Havilland 
Ceneda OFC~4 ‘“Twie Otter’ sirereft, which have turboprop engines. The 805C 
setems 196) date on wigreting whales were collected from « Grumman Goose re- 
engined with turboprop engines and free « Twin Otter. All sircraft were 
equipped with Very Lew Frequency sevigetion systems with lLatitede~longitede 
readouts. 


Observations were concentrated on «4 focal group of whales in order to 
obtain detailed iaferesation on the behavior of one of sore specific 
iedividesis ewer a6 long of observation period a8 possible. Although we 
collected some iaforeation of other whales in the eres, especially when the 
focal whales were below the surface, auch effort wee given to remeining over 
the focal group for as long a8 possibile. 


Obeervation procedures during the four stedies were wery similar; there 
was considerable overlap in the field crews between years end studies to 
provide coatiouity end stendardiaation. ta the abeence of distinctive ice pane 
ond other seteral aarters of position, we dropped « fleoresceia dye marker to 
creste « fined reference point ebowt which te circle when bowheads were below 
the surface. From 1981 onward, there were aleoet always four obeerwers in the 
aircraft: twe te deseribe behaviors, « third te wideotape whales for « 
pereenest record end te previde sepplesentaery direct ebeerwvaetions, and « 
fourth te operate senebuey receivers and other equipment. When one of sore 
whales of the focal group wee at the surface, one of the two primary obeervers 
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observed thes through bisoculaers to obteia detailed data on respiration and 
other behaviors. The secoad prisary observer observed without binocelars to 
obtain « broeder perspective, ¢.g. to record distances from other whales, 
directions of sowement, etc. All observers ples the pilot were is continuous 
commesicetion via iatercoe, end behaviors! iaforestion was recorded onto sudio 
and video tape recorders by taping the iatercoe signal. 


Behavioral ead related date dictated by the obserwers included the 
following: 


1. Location, frome which approximate water depth was deterwined later 
from charts; 


2. Time (to the second); 

3. Somber of individual bowheads visible ia eres; sumber of calves; 

4. Individually distinguishing features (if any) on focal whales; 

5. Beading ("True), turns, and estimated swiaming speed of focal whales; 
6. Distances between focal whales (estimated in adult whale lengths); 

7. Durations of time at surface and of dives for focal whales; 


8. Timing (to the second) and sumber of respirations (blows) of focal 
whales; 


9. Indications of feeding, ¢.g. open south, gud streaming {roe south, 
defecation; 


10. Seocialiaing; probable mating; 

ll. Probable aursing (cow-calf pairs); 

12. Play with loge or surface debris; 

1}. Underwater blow (release of « large buret of air bubbles enderwater); 

14. Aerial activity: Breaches, tailelapse, flipper slaps, lenges, colle; 

15. Behavior et etert of diwe: fluke out? peduncle arch’? pre-dive flea? 

Str tageat criteria for ecceptability of deta were applied during all four 
stedies’. For exemple, durations of surfeciags were counted only whee the 


whale wae ectually seen surfeciag ond diving. We did sot seeuwme that the firet 
ond lest blows of a surfacing represented the tines of surfacing and diving, 


3 The 196) BOSC dete on @igreting Whales were re~evaluated by LOL fe that 
criteria for ieclesion of theese data in the present analyses were the same as 
those applied during the three LOL studies. 
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since bowhesds are often at the surfece for « few seconds before the firet 
blow ond after the last one. Often it is encerteia bow long « whale has been 
at the surface before it is first seen. When the tiee of ‘firet surfacing’ was 
aot known with certeiaty, the duration of the surfacing was sot estinsted. The 
éuration of the preceding dive was estimated only if the dive was long enough 
end the encerteiaty emsll enough to ensure thet the dive duration could be 
estimated within + S53. The sumber of respirations per surfacing was recorded 
only whee the whale was in clear view throughout the surfecing, without any 
possibility thet « blow was sissed when the ‘line’ of reflected sun glere 
swept across the animal a6 the observation aircraft circled overhead. 


During all four studies, saval sonchuoys (AN/SEQ-418 of <S7A) were 
dropped into the water during aost observation sessions. Sonobuoys detected 
the calle of the bowheeds os well a8 any sownds from distent industrial 
activities (e.g. seismic exploration) that wight be affecting the animals. The 
acoustic data were telemetered by the sonobuoys to the observation sircraft, 
where they were recorded onto «4 continuously running tape recorder. When there 
were strong sownds from industrial ectivities, the whales were categorized as 
‘potentially disturbed’ and the associated date are sot considered here. 


Behavioral data were transcribed from audio tape ote deta sheets either 
between flights or after the field season. After the sudiotapes were 
transcribed, the videotapes were reviewed to provide supplementary data on 
pointes sot soticed or dictated in real tige. Ouring the three LOL etudies, the 
combined trenecribed data were then coded inte « standard sumerical format 
containing one line of data (one record) for each surfacing or dive of « focal 
whale. The format of the records differed slightly among years, increasing in 
leagth from 42 fields of date in 1980-81 to 45 fields in 198)-86. The coded 
data were entered inte Apple Il eicrocompeters, proofread, and checked for 
impossible or implausible date by range-checking and walidation progress. The 
validation progres performed aany checks withia end between records to 
identify any inconsistencies ian identification date, tige sequences, 
heeding/turn date, and wariouws other waeriables. All questionable items 
identified by the walidetion progres were hand checked and corrected where 
necessary. 


During the 1980-84 LOL/MNS stedy, there were «2 totel of 132 offshore 
flights totalling 59) &. We circled ewer bowheads for 166.3 bh during 85 of 
those flights. Of this obeerwetion tiee, sbout 98.5 &b was ender presumably 
endieturbed conditions (Fig. 4; Wireig et al. 19858; Dereey et al. ia presse). 
During thet etedy, we collected ot least partial dete on 433) surfaciags and 
958 dives, of which 2129 and 475, respectively, were free presumably 
undisturbed periods.* 


During the 1965-86 LOL/MNE feeding study, we circled ower whales and 
observed their behavior on 28 occasions tetelliag 32.5 & free 3 te 29 
September. Part or all of 20 obeervetion sessions wae considered to represent 
"presumably endisterbed’ whales (Fig. 5; Bichardeoe et a1. 19876). Of the 679 


S This endisterbed/disterbed breakdows represents the sembers a6 
originally recorded. A few borderline cases were reclassified dering the 
preseat etedy. 
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serteciogse e0¢ 69 dives for which date were ovsetecs, 472 ae¢ 3) 
(respectively) were consiéered ‘preeumedly endisterded’* 


Dering the 1986 LEL/Shell Weetere setedy (Keekti ee¢ Jobesosn 1987), 
"presemebiy endisterbed’ deta were collected Gering pert of ail of seven 
obeervetion sessions. Of the 750 oor teciags ond 109 dives Soe which dete were 
obtained, 125 end 34 were considered ‘presumably endieterded’* 


Dering the two LOL etedios in 1985-86, calibrated vertical photographs of 
meny whales whoee bebhewvior bed bees obeerwed were Caben tmmediately after aoet 
behevioral obeerwetion sessions, esing the photogrammetric gethods of Devise ot 
ol. (1983). This prowided dete on the sises ond individes! ideatitics of aeny 
of the whales. Photogrammetry wee Got ettenpted after ebeerwaetion sessions is 
1980-84, bet sieee of whelee in some parte of the etedy ares were determined 


dering seperate photogrammetry projects io 1981-86 (Koski et a1. 1988). 


Dering the 198) BOSC etedy (Liengbled et oi. 19648), field procedures 
were similer te theese is the three LOL etedies; 8. Wireig supervised the 
collection of behaviors! dete ia the BORC etedy os well as dering 2 of 3 LCL 
stedies. SOGC’s behaviors! Geta were traesecribed este the seme type of 
Gaterheet of eeed by LOL. 


Seotere Arctic 


Cope Aéeir 


Aeteme @igretion of bewheed whales along the sortheset coast of Baffin 
lelend wee obeerwed free « coastal cliff (elewetion ebeet 209 @ a1) at Cape 
Adaic (71°3O'R, TITDS'W, wee Fig. 2) in 1978 ond 1979. Gheerwations extended 
from 1} Sept te 7 Get 1978 (tetel of 260.0 & obeerwetion--eeki ond Devise 
1979) end free 20 Sept te 16 Get 1979 (tetael of 277.4 & obeerwation when 
visibility exceeded | te--Beeki end Devise 1980). Ie beth veers obeervet Lone 
eatended throughout sost beers of daylight whee wisibility exceeded | te, 
Obeerwvetions were gede with the eid of biseculerse, telescopes eed « 
theedelite. The weatege poiet allewed good wisibility fer «ep te 3} of 4 be 
oftehore, 0.5 te te the sorthwest, ond 2+ be slong the coast te the southesst. 


Whee sigretiog bewheeds were seen, the sumbers, presence of calves, 
ewieming directions, d¢eretions of serfeciags en¢ G@eretions of dives were 
eoted. te 1979, the ties of aoet respirations were alee soted, free which the 
suaber of biews per surfacing ond intervals between successive blows could 
oftes be determined. The theedelite wes essed te detereine whale positions 
dering serfeciags. From these deta, dietences from shore, dietences trevelled 
wndervater, end set epeeds of trevel were detereined for the 1979 wigretion. 


Dering beth peers, the primary perpese of the Cape Adair etedy wes to 
eesess the foutes on¢ tieing of the bewheed gigretion, en¢ the suatre of 
whales tewelwed. Behavioral ebeerwetions were collected incidentally te theese 
eein objectives. The beheviorel dete were set slweye recorded ia « + retemetic 
wey, eepecialiy ia 1978. Besed of «@ re~euemingtion of the original (.el4 dete, 
we G@ecided thet the 1979 behewiorel dete could be compared with the dete 
eellected eleewhere ia letter peers, bet thet the 1978 date were sot 
Comperebdie. 
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Accordingly, only the 1979 data frome Cape Adsir are ested ia thie 
retrospective enalyeis. The 1979 Gate of @igreting whales at Cape Adsir were 
coded inte « etenderé eemerical forest? éeriag the preseat stedy, based on the 
origiasl field date. The coded 1979 data iaclioded information of 14) 
serfteciags en¢ i}1 dives, all collected ender ‘presumediy weodisterbed 
conditions. 


Leobeiie Bey 


.. observations of bewheads end 
oceanographic phesomens at leabelila Bey were gade frome the peak of Beleene 
Leokoet, « lerge bill 2 te weet of Cape Baper et the serthesset corser of 
leabella Bey (69°S4'R, 67°O7"W). This site prowided « etretegic, wide range of 
view (280°) ewer aoot of leabella Bay end sorth slong the coast of Baffia 
Teleed (Fig. 5). Bering the four years considered here, observations began on 
dates ranging from 14 August te 6 Septeaber, and ended between |) Septenber 
and 9 October, for an average duration of 4 days (range 29-38 days).* 


Obeervetions were aede with the aid of biseculers end «4 theedelite 
(eeesliy « Wild Tié). The theedelite wee soented of Baleene Lookout et en 
elevation of 134.2 @ sbowe sea lewel either on « tripod or, in 1985-86, of « 
pereenent concrete piller. The theedelite wes esed to determine positions of 
whales, oceanographic features, seeplenkton end bathymetric stations, and 
hayeb-besed obeerwers dering enderwater recording sessions. There were eowally 
two, on¢ sometiogs three, Gbeerwers. Gheerwations with the theedelite esealiy 
were dictated iate « tape recorder (196)-84) of te the other obeerver(s) whe 
recorded thee ia field setebooks (1965-86). 


Twe behewiore! seepling techeiques were eapleyed: foecal~enias! end scan 
sempling (Altmann 1974). Dering foeral~enimel sampling, the ectivities and 
positions of « recegniagble iedividesl, pair or group of whales were descrited 
for os leag a6 possible &). Seen-eempliang wee condected of an 
oppertesietic besise égepending oF other sampling prierities, bet esesliy ence « 
day. Dering scene we determined the positions of all visible whales and 
obeerved thee for « sufficient period (generally ti @ia) te eesign thee to 
one of the following general behavioral categories: 


1. @irected ewieming, iecleding direction, 
2. resting, 


3. socialiaing, ieclediag group siese, type of display (e.g. contect, tail 
left, teil sles, ete.), 


&. feeding, ieclediag orientation te serfece features, e0¢ avian 
ateociations. 


> See "Queetitetive Behavior’, below, for coding format. 


® See "Stedy Ares, Periods & tee’ section fer epecific dates. 


Dering cee sampling, two positions were eseslly taken for each sowing whale 
te determing ite bearing on¢ speed. 


ee te a harch a observations were coadected is 
close ty te toe « tayek equipped with « compect 2-cheane! 
eudis recorder (Pieseer PE-R7AN) that recorded signais [roe « hydrophone 
(eedified free AN/SSQ-5S7A soncbuecy) of one channel end woice inpet on the 
other. Whee possible dering enderwater recording sessions, the positions of 


the kayek end whales were determined from the shore-besed theodel ite. 


~~~Zoopleskton was sampled by wertical and boriszoata! 
net tows. ene was conducted at various locations ia the leabella Bay ares 
et the begianiag of the study, bet became focussed in one ares, the SE Trough, 
whee the feeding paetteres of the bowhead became keown. Sampling aise wae 
condected ia « coutrol eres where bowheeds did sot feed. Weather and other 
pricrities perwittiag, seeplesktoe sempling was conducted {roe «4 7.5 @ ‘Lake 
Viesipeg’ beet, which was directed to sampling stations by estadlishinag 
positions with « theedelite end relaying @eesages via two-way redios. 


Borieoete! tows were obtained with Miller semplers (0.5 ae geeh) at 
depths between 5 and 75 @ at various locations ia Leabella Bay. Toews generally 
were condected for 10 @ia at about 0.9 a/e. The woleme filtered was est inated 
esing eouth area (0.008 @7) and readings froe « flow meter. 


Vertical heels were obtained with « 0.5 @ diameter plesktos set (0.5 a 
sesh) hend-wieckhed at shout 0.6 a@/s to the surface. tn 1986, samples were 
etretified iate twe depth layers, esesliy 0-100 @ end 100-200 «, by aeane of 
net release Gessengers. For comperieos, semples were collected ia « keown 
feeding eres (the SE Trough) end ia « deep area of Leabella Bay where feeding 
wee seldom observed. Vol of water filtered was estiasted esing the south 
eres of the set (0.196) @*) and depth of heel. 


~~~Bowheaed whales were photographed ot leabella Bay 
in (1 esting the werticel photographic technique of Devise et a1. (1983). 
[Additional wertical photographs were obtained in 1987, but the results ore 
not yet ewsilebdle.) Aerial photographs were taken through « camera port in the 
fleer of O8C-6 ‘Twie Otter’ sircraft. The camera wae @ hand-held, 
setive-format (62) ce) Peaten comers equipped with « 105 ae 2.4 lene and 
Redet Sktechrome 200 cooler rewersal file. An aititude a6 close a8 possible to 
145 @ wee eeleteined by reader altimeter Gering photographic sessions. 


Pearneve —noelreee of ieebelts ter Date. objectives of the lLeabella 
Bey preject conservetion isewes, ievelwement of lecel teuit, ead 
the preseat en¢ bhisteric etilieetion of the study eres by bowhesd whales 
(Fialey et al. 1983, 1984, 1986; Fialey 19867). These reports coataina 
considerable iatermetion of the suabere of bowheads present, their lecal 
éietribetions en¢ general ectivities in the eres, their speeds of sovenent 
Gerieg werieus ectivities, the seeplesktos date, and the approsimate sises and 
age~tlesees of the whales. Some of these types of iafeormation are semmaericed 
ie thie report besed of the freeultse already presented by Finley et al. 
(198)-06) end Fialey (1987). 
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Only a limited analysis of the behavioral and acoustic observations was 
possible withia the scope of the original Isabella Bay study. The behavioral 
data from Isabella Bay were sot coded iato « standard numerical format entil 
the present study (see next section). The total sumbers of records (surfacings 
and dives) sow coded for the years 1983-66 were 28, 1278, 284 and 119, 
respectively (total 1709). The low sumber in 1983 reflected the fact that only 
two whales were seen, both on one day, during 1963. Many whales were present 
close to the observation site in '964. Many whales were also present ia 1985, 
but less emphasis was placed on collection of detailed surfacing, respiration 
and dive data that year. The low sample size for 1986 reflects the fact thet 
most of the whales present spent most of their time too far away from the 
observation site to be observed in detail during 1986. 


Quantitative Analyses of Behavior 
St rdi ioral ta F t 


At the start of this project, the existing behavioral data files for the 
three LOL projects in the Western Arctic were transferred via serial interface 
from an Apple If to an IBM-compatible sicrocomputer. All subsequent 
manipulations and analyses were done on the latter type of computer. 


For purposes of statistical analysis, it was necessary that the sumerical 
data from both bowhead stocks be organized into a consistent and suitable 
format. The date format used previously by LOL for the Westera Arctic data met 
many but sot all of the requirements. Berides behavioral data, the existing 
Western Arctic data files included date, time, disturbance situation, water 
depth, and whale status (e.g. lerge, small, mothe:, calf). However, the files 
did not include the exact location of each observation, distance from shore, 
sea state, ice cover, sumber of whales in the area, size composition of the 
whale group (subedults, adults, mixture), or predominant group activity. Most 
of these types of data are either constant for each observation session or 
change only at infrequent intervals. Most of this information was available in 
unpublished files from the original Western Arctic projects. These data were 
compiled and added to the behavioral data files as additional variables. 


The same program that merged the additional data into the existing 
behavioral data files also converted the files into a more workable, versatile 
and logical format (Table 1). The Western Arctic data were almost all acquired 
via serial observation techniques. In contrast, the wnanalyzed Eastern Arctic 
data were almost all acquired from clifftop observation sites, often via 
theodolite tracking. Theodolite methods sometimes provided data on swimming 
speeds and net distances travelled during surfacings and dives. To make 
maxioum use of those data, the revised data format includes provision for 
these additional variables when known. Thus, the sew file type can be used 
without further changes in future studies of bowhead behavior, whether 
airccraft-, shore- or ice~based. 


In contrast to the salready-coded LOL data from the Western Arctic, the 
NOSC data on migrating whales seen in 1983 and the LGL Eastera Arctic 
behaviorsel data had to be compiled and coded during the present project. These 
data were coded directly into the new data format (Table 1). For the Eastern 
Arctic, some previously-untranecribed sudiotapes of behavioral dictation had 
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Table 1. Variable list--new coding format for bowhead behavioral data. 


First Record Sime (RECTYP 0): Includes fields that are constants (or change 
requestiy) withia ans tfvation session. 


Field Width Meaning 

RECTYP l RECord TYPe: always 0 on header records of this format 

DATE! 6 Local DATE 

TIME! 6 Local TIME when these RECTYP 0 data begin to apply 

GROUP! 2 Lowest whale GROUP number for this RECTYP 0 

ID 5 Whale [Dentification ao.: always 000 on RECTYP 0 

TIME2 6 Local TIME when these RECTYP 0 data cease to apply 

GROUP 2 2 Highest whale GROUP number for this RECTYP 0 

PROJ 2 PROJect a0. 

PLATF l Observation PLATFors type 

FLIGHT 2 FLIGHT auveber (within YR and PROJ) 

o8. SES 3 OBservation SESsion no. (within YR and PROJ) 

PHOTOS l High-resolution PHOTOs taken? 

TZONE 2 Time ZONE correction, in hours behind GT 

LAT 4 LATitude of obs. site 

LONG 6 LOMGitude of obs. site 

AREA 2 Project-specific AREA for this RECTYP 0 

SEA.ST l SEA STate, O-8 scale. P*unknows 

ICE. PC 3 lee cover in percent withia about | ke 

GR. ICE l GRease ICE withia | ke . 

G.CALF l Group/CALF composition 

CG. WONC l Group NONCal{ composition 

G.AacT l Group's predominant ACTivity 

G.FEED l Group's predominant FEEDing mode 

I. 2 No. whales within approx. | ke 

N.AREA 5 No. whales within approx. 10 ke 

ALT 3 ALTitude of observer (or aircraft) in metres 

DISTUR l Overall DISTURDance situation 

D.AIRC l Potential AIRCraft disturbance 

D0. BOAT l Potential BOAT disturbance; exclude seismic boats 

D.SEIS l Potential SEISmic disturbence 

D.SITE l Potential disturbance from stationary SITE 

0. OTHR l Other potential disturbance types 

PLAKTY l Playback Type 

PLBKPH l Playbeck Phase 

Secnnd Be ott Pose AN Veed to code individual surfaecings, dives 
cations of whale presence (mud spots, defecations, underwater blows). 

tiele (i ht Meoning 

ReECTYP l RECord TYPe: | * surfacing, 2 © dive, etc. 

DATE 6 DATE: ye (last 2 digits), mon (01-12), day (01-31) 

TIME 6 TIME: Wr (00-23), Min (00-59), Sec (00-59) 

GRoup 2 Whale GROUP sumber within 08.55 

1D } Whale [Dentification suaber withia 08.S5E5 

SEQNUM 2 SiQuence WUMber in sfcing/ dive sequence by known whale 


Coat iowed... 


Table (Concluded). 
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Field Width Meanine 

STATUS l Whale STATUS (calf, @other, email, large, etc.) 

LENCTH 3 Whale LENCTH as determined by photogrammetry 

NBLOWS 2 Busber of SLOWS during surfacing 

LENSFC ‘ LEMgth of SurfeCing, in sec. 

WEAD 2 HEADi ng 

TURN i Occurrence and type of TURN during surfacing 

DECTUR 2 DEGree of TURa during surfacing 

MOTION l Generalized speed of MOTION during surfacing 

¥.AcT i Whale ACTiwity 

¥. PEED l Type(s) of whale FEEDing indications 

¥. SEH) x2 Behavioural events during this sfcing or dive. 

¥.SE82 i Code first event as V.BEH1; if 2 ewents occurred, code 
second ia ¥.8E82 

GRPSIZ 2 GRouwP Size (within 5 whale-lengthe) 

SOCIAL l SOCIAL iaterection? 

AERIAL i AERIAL behaviour? 

PLEX i Pre-dive FLEX at end of sfcing/start of dive? 

FLOKES i FLUEES out at end of sfcing/etart of dive? 

LENPRE 4 LEMgth of PREceding dive by this individual 

LENSUB . LEMgth of SUBsequent dive by this individual or, 
on dive records, LENgth of this SUBeergence 

KMSHOR 3 Distence of whale from SHORe 

DEPTH + Water DEPTH, ia @ 

¥. BEAR 3 BEARing of whale frome observation site 

¥en 5 Dietence of whale from observation site 

WETSPE l BET SPEed during surfacing or dive, in ta/hr 

WETDIS 2 WET DiStence travelled during surfacing or dive 

D. BEAR 2 BEARing from predos. source of Disturbance to whale 

Dd. 5 ke frome predos. source of potential disturbance 

Addit ionel BSCTYP | Veriobles Conereted by Computer from BECTYP 6-7 

Cele = Sh Meoeing 

INtTst 5 INTTial Blow Iaterwal of the surfacing, in sec 

LASTBI 5 LAST Blow Iatervel of the surfacing, ia sec 

MEANBI 7 MEAN Slow Iatervwal during surfacing 

BISUM ‘4 Sum of all Blow Intervals during surfacing 

Biss 4 Sum of Squares of all Blow Laterwale during sfcing 

Bin 2 Humber of Blow Intervals seasured during this efcing 


ID 


BIi-B8120 


20a) 


7 Blow intervals during whale surfecings; 
surfacing record) with which it is associated 


Reosieg. 


RECord TYPe: 6 for BI i-20; 7 FOR BI 2i~... 

DATE, a8 on immediately preceding BECTY? | 

TIME, a8 on immediately preceding SECTYP | 

Whale GROUP sumber, a6 on immed. preceding BECTYP | 
Whale [Deatificetion ae., a8 on tamed. preced. SECTYP | 
Blow Latervals: speces to record up te 20 Ble 


Methods 256 


to be trenscribed. Other data were collated from previous reports, field 
notebooks, datafores, computer priatouts of whale positions and speeds as 
éetermined from theodolite data, and bathymetric charts. 


The sewly-coded Eastern Arctic aad BOSC data were entered into an 
[BM-compatible sicrocompeter, proofread, and subjected to « range-checking and 
validation progres. The validation progres was an improved wersion of the 
Apple Il progres developed during on earlier project for MNS, with sajor 
revisions 


— to allow operation on ISM-compatible competers, 

- to accommodate the rovieed and expanded data format, and 

-te ieclede additional crose-checks thet ere possible and desirable 
gives the sew format. 


Apparent discrepancies detected by the computer were reviewed aanually and 
necessary corrections were sede. 


The sew validation progres was also applied to the converted LOL Westera 
Arctic dete. This confirmed thet the formset conversion and eddition of sew 
date had been done a6 planned. 


Selection of Compt ibic Bete Subsets 


Previous analyses of the behavior of Westera Arctic bowheads in summer 
ond eutumn heave shown thet the surfeciag, respiration and diving cycles as 
well as other espects of behavior are quite wariable. Mech of this weriability 
is ettribeteble to isherest weriebility of behavior among individesl whales 
aed withia iodivideals ower tiee. However, gany sepects of behavior are 
correlated with 


- the eavironmental circumstances (water depth, ice cower, date, etc), 

— the ectivities of the whales (e.g. feeding at depth we. at surface, 
eocialiaing, travelling), and 

~ the sise end stetes of the whales (e.g. subedults, edults, sothers, 
calves). 


The main stedies in which these relationships have been investigated are 
Ljengbied et al. (19648), Wirsig et al. (19840, 19858), Richardson et ai. 
(19876), end Dereey et al. (ie press). Behavior can alee be affected by 
proui@ity te weriows humen ectivities. 


Ie thie project, it wes iepertent te coapere the soreal behavior of the 
twe socks of bewheeds wader conditions whee environmental circumstances, 
wha'y e@ctivities, end whale etetee were a8 similar a6 possible. Only by 
etenerrdiaing the data in this way is it possible te examine the possibility 
thet the overall behavior of the two stocks differs. Thee, it wae seceseary to 
select subsets of the Western end Eastera Arctic date thet would be as 
comparable af possible. 


Review of date frome the two regions iediceted thet seasingfel samples 
froe ‘presumably eadistuerbed’ whales eight be available fer four 
cirowmet ences: 


j 
; 
i 


Methods 29 


whales feeding ia deep water, 

~ whales socializing ia shallow water, 
~ whales engaging io local travel, end 
~ whales wigreting ic early seteme. 


For each of these four activities, we defined «a tentative selection procedure 
based on the variables available in the behavioral dete files (Table 1). At 
this stage, we purposely kept the selection criteria broed to ensure that 
sample sizes were as large a6 possible. Despite this, the sample size for 
local travel in the Western Arctic was negligible. However, there was « 
considerable quantity of inforeation about whales engaged is local travel at 
Teabella Bay. Bence, we decided to analyze the local travel subset from the 
Eastera Arctic as well as the other three subsets froe both regions. 


Next we summarized the distribetions of all behavioral end environmental 
variables for each of the four Eastern Arctic and three Westera Arctic subsets 
of date. This provided information sbout the comparability of the eastera and 
westera data for each category of whales. Based of these prelisinary 
comperisons, we made sinor refinements in the criteria for selecting data 
subsets. The final criteria were as follows: 


Waales feeding in deep water: 


- no keown disturbance source searby, 

water depth >50 @ (since feeding was rare in shallower water at 
leabella Bey), 

mothers and calves excluded (since seither occurred at Leabella Bay), 
group ectivity © feeding, trawel + feeding, or socializing + feeding, 
mot actively socializing during corrent surfacing of dive, 

predominant feeding eode = water column feeding (i.e. exclude 
near-surface and sear-bottoe feeding cases, which ¢i¢ Sot occur at 
Teabella Bey). 


Wealee socielisiang ie shallow water: 


- 0 keown disturbance source searby, 

“water depth (50 @ (since socialising was rare if deeper water at 
leabella Bay), 

~ mothers end calves excleded, 

“ group ectivity © socialiaing, travel + socialicing, Of socializing + 
feeding. 


Weeles engaged ia locel trewel (leabelle Bay oaly): 


no known disturbance source searby, 
mothers and calwes excluded (neither occurred at teabella Bay), 

group ectivity * travel, 

exclede travelling whales seen at Leabella Bay on 5-7? Oct 1986, which 
were @igreting. 
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Wales engaged is sigretice: 


- ao known disturbence source searby, 

- mothers and calwes excleded, 

- group ectivity = trevel, 

~ dates restricted to those whee all travelling whales were engaged in 
loag-distence traewel. Ia east, this iacleded sll Cape Adair 
observations ples travelling whales seen at Isabella Bay on 5-7 Oct 
1966. In weet, this included all travelling whales seen after i! 


September. 


Once these final criteria for the data subsets were determined, we 
summariced the behavior of the whales engaged in each activity in the Eastera 
Arctic end, separately, the Western Arctic. For each of the seven subsets of 
data (4 easters, } western), we re~summariced the data for each weriabdle and 
deterwined the correlation @atria rvong variables. Also, for each of the seven 
data subsets, gultiple regression analysis was performed to investigate the 
factors affecting durations of surfecings and dives, sumber of respirations 
(blows) per surfacing, end incerwale between successive blows. All analyses 
were performed with BMDP etatistical software running on an ISM~compatible 
sicrocompeter and working directly with the behavioral data files. 


Blow isterval dete were analysed in « slightly different fashion during 
this etedy then during gost previous analyses for bowheads. A blow interval is 
the time ia seconds between two successive respirations within « single 
surfecing. Depending on the sumber of blows during «a surfacing, there can be 
no blow intervals (if sero or one blow), one blow interwal (if 2 blows), or >! 
blow iaterwals (if >2 blows). In this study, regardless of the number of blows 
during « surfacing, each surfacing with >1 blow interval contributed one 
value~-the sean of all blow intervals documented during the surfecing--to the 
analysis. During previews studies, most analyses of blow interwals treated 
each blow interval individeally. (The qultiple regression analyses of Wirsig 
et al. 19650, p. 30; Richardson et al. 1965b, p. 138; 1986; and Dorsey et al. 
in press were exceptions; they were based on the seme ‘sean blow interval’ 
method used here.) The present approach has the edvantage of reducing the 
"leck of independence’ probles associated with aultiple observations on the 
seme individual! aenieal (Machlis et al. 1985; Boeketra end Jansen 1986). 
Because the sean blow interwal walwes analysed here are geans, their standard 
deviations are expected to be lower than would be the case based on individual 
blow interwals. Aleo, the sample sice will be considerably emaller. 


During @ultiple regression analyses of surface times, dive times, sean 
blew intervals, and suaber of blows per surfacing, all four of these dependent 
variables a6 well as two of the predictor variables (water depth and distance 
from shore) were log-transformed to avoid statistical problems aseociated with 
the shewed distributions. Shewing wae less severe for feeding whales then for 
other categories of whales. However, for consistency, the log transformation 
wes applied in ell cases. We exanined scatter plots of residuals we. all 
predictor weriebles (Draper aed Seith 1981) to ensure thet the transformation 
procedure was appropriate end succesful. 


—maeememetinnmwee ae qgaaewT=hayTeF geen ae ew Gs az 
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Collectively, the wariows types of analysis were esed to characterize the 
behavior of the whales engaged in feeding in deep water, socializing is 
shallow water, local trawel (Eaestera Arctic only), end @igretion. Be such 
enalyses have been done previously for either the Eastern or VWestera Arctic 
stock. Most previous aenalyses of Western Arctic data have considered ail 
‘presumably undisturbed’ whales without distinguishing the subsets of whales 
identified above.’ Also, G0 previows ana'ysis of Westera Arctic data has 
combined the results from the three different behavioral studies condected by 
LOL over the 1980-86 period. 


Comparison of Behavior in Eastern and Westera Arctic 


For each of the three data subsets available frome both the Easters and 
the Westera Arctic, we compared various behavioral wariables esing oniveriate 
and q@ultiveriate sethods. The gultiveriate approach hed the advantage of 
allowing ws to take account, to some extent, of differences in environmental 
conditions between the two regions. We esed a gultiple regression approach to 
determine the significance of differences ia durations of surfacings of dives 
between the two regions after allowing for any differences attribetabdle to 
water depth, ice cover, and so on. This approach provided « way to allow, at 
least in pert, for enavoidaeble differences between environmental conditions 
between the Eastera and Western arctic. Again, BMDP software wae esed for all 
analyses, and the transformation and ‘analysie of residuals’ procedures 
mentioned above were applied. 


Bete On Sowbeed Celis 


Data on the call types and call rates of Western Arctic bewheads on the 
summer renge in the Canadian Beaufort Sea were obtained during 1980-84. Many 
of these data pertain to endisterbed whales (Wiresig et al. 19658, ». 38-67). 
For each behavioral observation session when calle were recorded via sonobuoy, 
the sumber of calis of each of seven standard call types wae determined by 
C.¥. Clark following hie standard system for categorizing bowheed call types 
(Clark end Johanson 1964). 


For comparison, bowhead calls and other bewhead sounds recorded 
opportenistically at leebella Bay in 1984-67 were analysed by C.¥. Clark and 
KJF during the present study. Four recording sessions totalling 3.0 & in 
duration provided tapes containing lerge cuabers of soundse~-one session ia 
1964, ome ia 1985, and two in 1967. (These 1987 scoustic date are the oaly 
1967 data considered in thie report.) Tapes were converted inate coatinauvevs 
hardcopy spectrographe with an overall frequency range of O-3500 He. 
Thereafter all tapes were Listened te twice at sormal speed while following 
the details of the hardcopy spectrographs. By this procedure, all beowhead 
sounds were soted, end each sound was judged a6 being either « call of «@ 
physical sownd (slap, blew or ‘er-wneh’; see Results). Whenewer « call wae 
heeri, it wes categorised inate one of the seven call types recognized in 
previous Westera Arctic setedies. ta general, signal lewelse for the bewhead 


’ Calwes or eothers + calves etesliy heave been treated seperately ia 
earlier studies; they ere eucleded altogether here, since they were rarely 
present at cur obeervaetion sites ia the Eastera Arctic. 
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sounds at Leabelle Bey were relatively bigh Gee te the close prowieity of the 
byérophone to the woceliaing whale(s). le severe! coves aany of the wery loed 
sounds satereted the recording syeten ent were partially distorted. 


~~~"Deriag the lete eommere of 1964-86, bewheads were 
* on wirtesliy every day of sdequate wisibility (Fig. 7). 
te 198) only two bowheads were seen; thie was thought te be dee te the eneses! 
presence of the Baffin Bay paeck-ice offeheore free leabelia Bap throughout the 
198) season (Finley et ol. 1983). Te 1984-85, whee obeerwetions begen ie wid 
« ftew whelet were present by the Gete cbeerwetions beges. Swell 
sumbers of bowheads were preseat of aoet if set all deve in the letter bell of 
Aegest 1964-85 (eeuslly ©10 of any dey; sewer 15). More bewheads arrived is 
Septeaber. ta Septeaber 1984-86, 20-45 whales typically coeld be seen of Gaye 
sibility. Lerger — ⸗ were counted Gering sypetemetic scene of the 
occasions: 66 whales of 14 Sept 1964 and 68 whales of 2) Sept 1985. 
the lest detes of obeerwation ia 1964 end 1985, ee it is poesibdle 
lerger suabers appeared leter ia these peare. te 1986, whee 
extended te 9 Geteber, the aenieue seaber cownted free shore wee 
Me bewheeds of 26 September, bet thie ie « @ieleue becouse the whelee were 
the Kater Trough, tee fer away te be counted eccuretely. te 1986, 
whales were present entil et leeet 9 October, the leet dey of ebeerwetiows. At 
least 2) were present os lete a6 7 Geteber, the leet obeerwetion dete with 
good visibility (Fig. 7C). 


it is suspected thet the bewheads arriving ot teebellia Bay ie @ié-laete 
Septeaber were whales thet hed epeet the lete summer period seaerty. There is 
ee evidence thet they were setemn sigreets free summeriag eresee around 
sorthers Beffie teleed. The oaly evidence of ective southward sigretios 


whales thet were ewleming eteedily seethwerd poet the bey of J+) Geteber 1986, 
1986 wee the only year (ie the 198)-86 period) whee the Teebelle Bey etedy 
entenéed inte October. Sisileriy, serial servers eroeed sorth Beffie telend 
end shore-besed etedios at Cape Adeie Goering 1975-79 indicated thet there is 
Little southward sigretion of bewheeds weatil erewsd | Oeteber (Jebasen of a1. 
1976; BROS 1977; Keoki and Dewie 1979, 1980). 


\ — wo ie photogrammetry coedected of 28-79 Sept 
19a t . ie eset primeriiy by lerge e@0lt bewheede sot 
attended by calwes (Fig. 8). The geen length wee 14.4 @ (eo © 83). Polly O92 of 
the whales were >1) © long, which ie sheet the @inieue siee of getere females 
~~et leeset ie the weetere eretic pepeletion. The few whales emeller thee 1) « 
present ie 1986 were aoetiy lerge eebedeite (lib-i) @), bet ene emell eubedelt 
was photegraphed (Fig. 8). Simileriy, the whales preset ie other peare were 
believed te be aeialy e@elte of lerge subedelte. One cow (15 @) attended by « 
6 @ calf wes photegraphed in 1986. Thies wee the only coweeel? pair seen at 
teabelle Bey Gering the 198)-86 etedy period. 
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dietribetion of bewheeds photographed at teabelle 


Bey, 28-79 Septeaber 1966. (Pree Finley 1987). 


Figure 6. Leagth-freqeency 
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The bigh propertios of edulte sot etteaded by calwes is consietest with 
reports tree the 19th ceetery whalers, whe recegeiaed the whales slong eeeters 
Bettie tsleed ie lete — of « distinctive sub-popeletion (Geeria 1845, 
Eechricht onf Geicherdt 1666; Brown 1868). Ie coatrest, dering late summer 
moet of the aeteraal component of the population was believed te ccoer farther 
serth ond west of the ‘suersery grownds’ srowed sorthers Beffia Island and os 
fer west os Priece Begeet telet ia the bigh erctic erchipelage (Lechricht end 
Reieherét 1666; Fisley et al. 1983). The 19th coetery whalers alee indicated 
thet easll subedelte concestreted in these sortheriy eress, ot leset dering 
the early pert of the summer, 


Although « few calwes have been seen sorth of leabella Bey in recent 
years, extensive serial e0¢ sheore-beted surweye of these arese ie the lete 
19700 feiled te fied « high preopertion of calves in ony pret of the range 
(Devise ond Coeki 1980; Eoeki 1980e,6; Eoeki eed Devise 1980). The sice 
composition of the bewheeds summeriag farther serth erews4 sorthere Saeffin 
Teleed bee Got beeen Getereined photegreeeetricalliy. Besce, there is se 
sodere-dey ieforestion sbowt the percestege of cubedelts summering farther 
eorth ie relation te the lew percestage ot leabella Bey. 


Both wale end female bewheeds were at leabella Bey Goering feceet peers, 
besed of direct vieesl ebeervetions a6 some whales rolled veetrue ap. Bowewer, 
the proportions of gales and feasles are sot beown (Fialey ie prep.). 


The bigh prepertios of edulte ot leabellea Bay end the very low prepertios 
of @ethere etteaded by calves represents « different sitestion thee thet 
encountered if Geet searehere wetere of the southesetere Besefert See during 
late summer. Along the cosets of the Sechencie Belts, serthere Yebos and 
sorthessters Alesks, Geet bewheeds occurring close te shore in shallow waters 
ere sebedeits, predeminestiy shorter thee 10 @ (Keoki ef «e1. 1988). The 
Weeters Arctic bewheeds found farther east, in the deep waters of Frenkiia Bay 
eeet of Cape Betheret, gay be gore siwiler te the Eeetere Aretic bewheads af 
leabelle Bey. te Preehiia Bey, geet bewheedse preseet ie lete semmer are e¢eite 
without calves, eitheugh emell seueabere of subedelte en¢ cow-cslf peire have 
been photegraphed (Heeki et oi. 1988). Onfertenetely, slecet se behaviors! 
Gate bewe bees collected i Freshiia Bey, ee it is eet peesible f° coapere 
behevior of Eeetere Aretic bewheeds ie Teabellea Bey we. thet of Weete « Avetic 
bewheoads ie Freetiio Ber. 


e**tee val 
éietr et — wee sot esifere. te ail peers whee 
whales were present ie eebetential suabers, they coneeetreted in « few areas 
correspesting te Geher waderweter tepegrephic features (Fig. Sil). Te tere, 
the behevieorsl ectivities of the bewheaeds tended te wary with their lecet ioe 
ie the leebelle Bey area. te general, elmeet «11 @eep feragiag setivity toet 
piece ie one of tee deep glecial treaghe: S88 Treegh located 6+ be sertheset of 
the obeervetion poeiet, en¢ the Eater Treegh leceted 2)* be seutheset. te 
ooetreet, eleeet «1. eeetelb-eemesl eetiwity teet plese of lteebellia Beet, « 
shellew beet of the serthesset corser of teabellia Bey cleee te the ebeorwet ioe 
site. Bewheeds alee eed teabelia Sent for behewlor thet EJF hee termed 
*“groomiag/ rubbing’ on¢ for reeting. 
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Figere 9. Dietribetion of bewheet@e of leebellia Bey Goering sie @eily seene of 


bel? Septeabes 1904. (Pree Fieler of a1. 1986). Bethepmetric ceeteere 
shows bere ore beeed Gf Gate eveileble ie 1986, see Figure iil fee 
mere Geteiled bethpeetric Gete. The peeitions of whelee 979 be free 
the ebeervetion pellet ere eppretimete, their beerieage ere correct 
bet ¢ietesees ofe litely seetteret? ever tee breed « fenge Gee to 
refraction. 
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Figere 19. Dietribetion of bewheeds ot lteebella Sey Goering sewen Gaily soars 
oe fit SGepteaber 1965. (Pree Fieler ef a1. 1986). Bethermetric 
ooetoers shows bere ere beeed of Geta eveileble ia 1986) see Figure 
lt fer gere Geteiled bethpmetric dete. The pesitions of whales >79 
he free the obeerwetion pelet ere epprenimete, their bearings ere 
correct bet dietences ere litely seettered ever tee breed «4 frenge 
See te retract ios. 
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Figure ii. Distribution of bowheads at Leabellia Bay during 10 daily scane on 9 
September-6 October 1966. The positions of whales >20 ke from the 
obeervation point are aepprocimate; their bearings are correct bet 
distences are likely scattered ower too broad «4 range due to 
refrection. (from Finley 1967). 
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Whales observed at locations between the three gajor coscestration areas 
noted abowe were generally iowolwed is directed lecel qgowemests. The five 
whales observed goving strongly south slong the outer coast late in the 1966 
season were presumed to be sigraeting. 


Table 2 summarizes, for each of these four categories of whales, the 
dates, times, distences from shore, water depths and ice cower. Comparative 
data for corresponding ceiegories of whales in the western arctic are also 
shown. Teble 3 gives, for each category of whales, information sbout the 
frequencies of different group sizes and growp activities. Table 4 summarizes 
activities of individeal whales during each surfacing that was observed. These 
date are discussed ia subsequent sections of this report. 


Behavior of Feeding Bowheode ot isebeils Bay 


ee ara TTR Tare all bowhead feeding activity 
observed at a t place several «ilometers offshore (Table 2C) is 


two deep (5200 @) glecial troughs. The proportions of the deep feeding 
activity thet occurred in the BE Trough ws. the Kater Trowgh differed markedly 
between years, possibly ia response to changing currents and resultant changes 
in prey densities (Finley et a1. 1986; Finley 1987). Feeding was common in the 
WE Trough in 1964 and less so in 19865 (Fig. 9, 10). Im 1986 (and 1987), most 
feeding was in the Kater Trowgh (Fig. 11). Bowheads were seen ower the WE 
Trough during 13 of 18 days with good visibility in 1964 (11 of 12 4 in Sept 
1984) but during only 7 of 20 such days in 1985 (5 of 11 @ in Sept 1985) 
(Fialey et al. 19866, p. 40). Bowheads were seen over the BE Trough during 5 of 
16 days ia 19866, but most of the feeding seen there in 1986 was on only two 
dates (Finley 1967, p. 41). Feeding was observed commonly during all daylight 
hours (Table 28). 


Deep foraging typically was characterized by long dive durations, long 
surfeciags, stereotyped surface postures (including pre-dive fleses), and 
fivkes raised above the surface a6 the whale dove. Foraging patterns of 
individual whales inwolwed crisscross movements beck and forth throwgh « 
feeding area. to 1964-86, 642 of the dives in the NE Trough occurred within « 
3 ke? area. Surface sovements weually were random ia orientation (Fialey 1987, 
p. 50). 


There were frequent defecations by the feeding whales. Bowheads in the BE 
Trough feeding area often were attended by foraging Northera Fulmers Teimeris 
—E —— On at least some of these occasions, the leere were consuming 
bowhe feces. Attendance by seabirds was scot seen when the whales were 
outside the WE Trough. (When whales were ower Kater Trough, they were too far 
away ‘or seabirds to be seen.) 


Over types of feeding activity have been observed wery iafrequentiy at 
leabella Bay (Table 3D). On four occasions in 1984-87 whales were observed 
feeding in shallow-water eddic« created by «4 coastal prominence, Cape Raper. 
On these occasions feeding behatior was deduced from short surface-dive 
sequences (which did sot iavolwe « fluke~out posture) thet were oriented in 
charecterietic ways relative te surface features (elick bends ond lines of 
flotees) sesociated with the eddy. 
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Table 4. Freqeeacies of warioues individual ectivitive of bowheed whales in the 


easters ond westera arctic. Four categories of whales (three is 


westere erctic) ere represented ia differcat columns. Presentation as 


is Tebdle 2. 
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Bear-eurface (ekia) feeding by whales wee seepected of only two 
occasions. Ie each case, only « single whale was involved, end the behevior 
occurred during « store (Finley et ol. 1986, p. 42). Thies behavior wae quite 
éitterest from the sear-euerfece feeding sometioegs observed is the Besefort 
Ses, which commonly iewolwed etrectered groepe of whales thet somet ions 
appeared to be feeding cooperatively (Wireig et a1. 19854,5, 1986). 


There was ao evideace of bottoe feeding of the type obeerwed by Virsig et 
al. (198Se,5, 1986, is press) ia shallow portions of the Beaefort Ses. 


Thes, almost all feeding activity at Leabelle Bey ievolwed feeding in the 
deep waters over the SE Trough or Eater Trough. Feeding activity there wee 
qualitatively similer te the weter-coleme feeding that bee been Geecribed a 
being the gost common feeding gode for Weeterea Arctic bowheads is the Beeefort 
Sea (Wirsig et al. 19840, 1985e,5; Richerdeoe ot a1. 19876). Bowewer, in the 
Beaefort Sea--wnlite teabella Bay--weter coleme feeding bee been cbeerwed 
commonly ic shallow of well a8 deep water. 


-~~Ae soted ebove, bowheeds [requestiy Gefeceted at the 
surface . ag ie the BE Trough. Two samples of feces collected in the 


SE Trough consisted primarily of the chitinees seguests of lerge copepods, 
presumably Colones glecialis end ©. hyperboreus (Finley et a1. 1986). 


The highest coaceatretions of seopleskton found by seoplenkton senpling 
at lteabella Bey cocerred at depths >100 @ in the BE Trough (Fig. 12) see alee 
Finley et al. 1986). The SE Trough wae one of the asian arees where bowheads 
fed. Copepeds were the dominent soopleskters end two large species, 

ond ¢. typerboress, predowineted ot depths >100 @. At these ‘ 
t arger lifestages~-copepedite VY end e¢elt femsle--were aoet sbundent 
owmerically end thes coatribeted eoet of the total biomess. 


Although seoplestton sampling efforts were lisited, the propertions aed 
biomesses of satere copepods seemed to decrease from 1984 through 198) ie the 
BE Treegh, consietest with the decrease in whale feeding activity there. te 
1986-87 aost bowheed feeding in the leebelle Bey eres shifted te the Eater 
Trough, presumably ia reepense te gore favorable feeding conditions there. Ove 
te Limited legietic capabilities, it wes set poesible te sample seeplentton ia 
the Kater Trough. 


-~“Borheads is the BE Trough eeually fed independentiy of eect 
other . « Creasieonslliy ealy one feeding iedivides! wee presest, bet 
weesliy there were other whales within | be (Teble 38). Ae aeny of 14 whales 
heave been observed seattered throegh the eres feeding itadividesliiy. 
Oocesionsliiy peire of whales whoee diving eetiwitios tended te be spachreseus 
fed in the BE Treegh. “Peired’ whelee genereliy remeined within « few 
whale~lengths of one enother. Becept in the cave of paired whalet, there wee 
ne evidence of synchronees diving by werious whales feeding simelteneousty ia 
the SE Trough. 


-~“Deriag dives if the BE Treegh, the set herieoete! 
movements © eeléoe exceeded § be ie ebeolete terme, oF @ set speed 
of 2 wash. Bet retes of Gewement while of the eerfece (probably iefleesced by 
currests) everaged only 1.6 bash ont the whales often peesed, aeppereetiy te 
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Pigere 12. Seen seoplesttos bieeess af weriees Gepth rengee anf etetions is 
leebella Bey ent BE Treegh, @id-Gepteaber 1996. Beeed on @ * 5 
vertices! heels except ef etetion SE Treegh 7, which wae beeed of 
es = 3} (90-100 @) enf «© © 2 (100-190, 190-300 @). (Pree Fialey 
1e8?). 
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reset betweee diwee (Teble 44). Dietences trewelled ot the surface betwees 
feeding dives were typicaliy 100-150 @ (Fisley 1987, 9. 30). Ge ome cocesion 
whee « bowbeed foraged along slick lines created by of ett in the lee of Cape 
Reper, ite rete of gewemeet slowed te 2.1 bash compared te ite tCrewelling rete 
3 


~~*Belected queetitetive dete of surfacing, 
of teeding bowbeeds ot leabellia Bey heve beow 
reported previously by Finley et a1. (1986, p. 35, 39) and Pieler (1987, 51). 
Sewever, there bee bees G0 previews comprehensive eealiveize of the 
serteciag~tive cycles of feeding bowbeods in the Eeotere Arctic. This section 
ie besed of of enslipeie Gering the presest project of sli dete on whales 
feeding ie deep (950 @) water ot Leabella Bey ower the 198)-86 period. Moet of 
these dete perteie te whales ie of sear the BE Trough. (Whales feeding io the 
eter Trough were toe fer away toe allow detailed ebeerwetions.) The criteri« 
for \ecleding Gbeerwetions ie the “Whales feeding ie deep water’ category are 

Methods section. Te eseure thet we were considering « relatively 
homegeneoes set of cbeerwetions, we excleded the few dete o8 bowheads feeding 
is weter (30 @ deep. There were se aothers, calves, of actively socialicing 
whelee ie thie ‘feeding’ Getevet. 


The é@uretions of serleciage end dives of the feeding whales, ond the 
— of blows (respirations) per surfacing, oll tended te be wery high (Fig. 
13). Dering of average serfecing~dive cycle, « whale feeding ie deep water off 
teebella Bey dove for 15.8 wie, eerfeced for 4.7? win, end reepired i? times 
dering the serfeciag. These walees were high relative te the three other 
categories of weales etedied in the eastere arctic (P°O.001 ia each case), and 
relative te previously reported walees for the weetere aeretic (ef. Wireig et 
vi. 19840, 19898) Doreey et ol. ie preee). 


The seen d@eretion of serfecing on4 geen cuaber of reepiretions per 
verteciog were each ot least 2.40 higher for feeding whales thee for any one 
of the other three categories of whales in the eastere eretic. Previeus 
weetere arctic etedios hewe iediceted thet leager serfeciage with sere 
respirations per serfeciag ore te be eupected whee whales are ie deep water. 
Sowever, previews etedies heve set shows such bigh walees for whales feeding 
is éeep wetter, of such @ wide disparity betweee feeding whales e0¢ other 
categories of whales. For exemple, Wireig ot a1. (1983) feed aeee sorfece 
times of 1.6) Gin ie weter 101-290 @ deep, ond 2.279 win ie water 9250 & deep, 
ie coetrest te the 4.7? @ie for whales feeding ie deep woter ot Teabella Bey. 
Wireig ot eo). fowed geese of 6.3 on@ 7.9 Blows per surfacing ie these tee 
renges of water depth, of opposed te the eean of 17.) Blows per surfacing for 
footing Whales off Leebellae Bey. 


The seen dive deretion for feeding whales off Leabella Bay, 15.8 wie, wae 
high. Sewewer, the difference relative te previewsly reported weleee for 
whelee is Geep weter wee Get o6 greet of thet for serfece times end sunber of 
blows per serfecing. Previews etedios ie the weetere eretic hewe shows thet 
sives teed te be lenger whee bewheeds are in water Geeper thee 100 &. For 
whales summering 6 the Beeefort See in 1980-84, Wireig of a1. (19858) fewnd « 
seen dive Geretion of 10.7 @ie whee water depth wee 101-250 @, and 12.0 wie 
for éepthe 290 @. Simileriy, when we ieoleted the obeerwetions of feeding 
whales ie deep (790 @) wotere of the Beeefort See ie 1980-86, we fownd « eee 
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sie (thie etedy). The renge of dive Geretions feeed for 
sebella Bey, 2.0 to 29.6 wie, wee eheiler te the renge 

ie the wretere erctic, where dives of long of 3) ie heve 
Sooumeeted ie Geep woter (Hireig of a1. 10840, 198). 
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The shows reeelte ore beeed of the tetel weter gepthe. The ectea! Gepthe 
ore eretic bewheetse were diving were set Heows, 

beephect anf grey helee diving te beowe Gepthe, dive times 
with the ectesl Gepth of dive (ireig et ol. 19068, 

Delphie 1967e.8). Aeeuming thet « siwiler pettere belde for bewheeds, the long 
sive times, emoeptionsiiy leeg serfece tiees, anf bigh suber of blows per 
tec thet the feeding whelee cheerwed off leabellia Bey were 
deving Geeper thee these ebeerwed ie the Beeefort See. 


whales, the Geen leterwel betwee Slows withie « 
s-4. 3.7 © Ce * 88 eerfectinge). The range wee free 10 te 
The @eee welee for feeding whelee wee siwiler te 
“| seene for other cotegoerioe of whales ie the eeetere eretic (F" 
3,97, Pee.1). The ebeilerity of the blew leterwale for eeetere 
eretic bewheete engaged t6 & wide werlety of @etivitie® eee censieteet with 
summer reeelte Troe the weetere erotic. There, Blew leterwele Goering senmer 
ore lees coetitiows eetivitics thee ere 
of Slewe per serfeciog, serfece times, anf dive theese (Wireig —————— 
10G4e, 1999), Dereey of ol. te press). Bewewer, Blew leterwele Goering eetene 
the Geeefert See teed te be leager thee these for whales 
enpeget (© werlews summer activities (eee leter). 


Etta tt a de — 
eorrelet t eurfocing, rer ont dive weriebies él eouseed 


shove w1th ferleee eerlronmentel eff ehele eetivity weriebles, These 
ieterreletionehipne ere tepertest i6 enteretenting hether the eeetere erotic 
sete ore comparable te corresponding weotere aeretic dete. Tf the behevior of 
footing whelee were etrengiy effected by eerireumente!l weriebles thet €:f fer 
betwwes the fee efeet, Comperioene betwees the fee eteethe weeld be severely 
eoetoented by the eerirenmeetel differences. Coewereeiy, if tehewior te eet 
stresgiy effected by «@ perticeler eerirenmentel wer’ Wile, eeetere enf eeetere 
eretic feeelte gap be compereble even if the eewliroumeetel weriable differs 
ereetiy betwwee The fee ereee, 


Tebie 5 te eoesieteet ie fereet with Ger prewieet preseetetion of 
correepoeeting reeelte for Geeters Aretic bewheede (Wivreig of a1. 1990), &. Wy 
Dereery of ol. t* presse). Thie format seeds te be eadereteed, pertiy theoeeee 


® Goch ‘eoee biew ietervsi’ eeelpeet? bere fepreneets the Geen of 2)) blew 
beterwele within «@ single eerfecing. Seek eerfeciag coetribetes | case te thie 
eeelipeise, ent te Fig. 13. Thie precetere @iffers free thet weed te eet 
previews etelpeee of bewheed blew leterwele (eee Sethede), 


° 8 vepreseets reeelte free the Grewe-Poreythe eedificetion of anova, 
whieh teleretes eneges! werienees ie the Giffereet cetegerios being compared 
(Dieee ef ol. 1985). Beeelte were eieiler whee the wee repeated beoed 
oo leg treseformed Gets, 


a 


\\ 


Table 5. Summary of sieple and partial correlations betwees (2) covironmects! end activity 


variables we. (6) four surfacing, respiration and dive wariablec*: bewheads 
feeding io deep (50 @) water io Eestere Arctic, | 964-1986. 
Beret coe of . Slew per eer Boe beret .ce of 


Predictor Perieble Serteciag (eve )* Serfecemg (+1 )* leterwe! (eee )* Preceé.ng ewe (ane) 


— — 


Same Seale Some ie Pertial Simple Pertiel Semple Pertiei / ple Pert rel 
ter * & o-:* we Se be & 

Teer * *) = ee oe oe 

Teor = — aa ee . oor 
ere i+ rer *8 es os oe — 
bere? (i=)? ee ee cr) -- ee 

Time 0-204 ee oe oe *e 

Tree? (ope)? ee oor oo ee «es 


J 
* 


lee Cower 1 
"SE tee Cover?® o-i* 
diet. from Shere beg (=) * es os o. 
Weter Depet ie (®) ee es *** 2* ⸗ 
Groep Activ © Trew. + See. o-;* 
= " * Tee, * Peed = on es es oe * 
" * tee. * Peed = on 
Se. thee. Piehie | e 
Croup Sieve b+3 ee . — — ee 
hetive Becielie.? ei" 
Peesive Secielie.” = 
serial Behe.’ = 
Pre-diwe Fliemes’ = ee ++ oe a 
Semple fice bb) hs is i% ** La) i% is 
@ueitiple Correletior . 8.772 6.36) 6.985 
T Verience Capi ei eed . “4 n.? 1.9 
dé jeoted T Ver, fap . 45.4 79.7 a 
Owerell Sige: ficence . eee eee eee 


® The four dependeet weriebles were e1| lagerithmicelly treeeformed te ewoid shewness 
Pleses indicate positive — significant correlations of partial correlations, @ineses ia@icete segetiove rel et Lewehipe 
or, +) oF ~~" Geene P°O. 00) *. + of + aeons 0.95076. 0) 
“+ of © Geese 6. 01>FO. 00) es sears FO 
Bienes is the simple correletion columns dencte veriables thet were set enelyeed because they were constant oF seerly oe tor 
feeding wheles, eeheewe for 6 considerable srepertioe of Ghee etherwleeooeetlio sceeee. Pertial 
correlations ere shewe owiy fer these vertebles significant (nemine! PCO.05) seeording te etepwice Geltiple cegreeerce 
0 * Pelee, | * Tew . 
be Gove efter 31 July, tive. | Qeg * 1, | Sept © 02) | Gee © OF 
Ail teeters Qretic Gete te ODT 
le Gegrees en¢ Gecemel Gegrece 
‘ht’ @Genetes “Stenteré” peer ageieet whose reeelte other peers were compared by Gummy ‘veer’ weriables 


ae 4@ SLL eePe, 22 Betpeeg~--ed 1 oeey 
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several sisiler tebles eppeser later ia this report. Beth sieple end pertial 
correlations ere shows. The eiaple correleticos columns show the significance 
of correletion between individes] predictor end dependent waeriadles. The 
enslyees suommaericed bere considered only the serfecings or dives for which a)! 
of the listed weriebies were taown, since only those surfeciags or dives could 
be coasidered ie the seesociated agultiple regression enslyeese. For siaple 
correlations thet were significest (7C0.05), the direction of correlation is 
shown a6 +, ** of #¢¢ for positive relationships end -, ~~ of ~~~ for segetive 
relationships. The euaber of + or « symbole represents the significance level 
of the correlation: p©0.05, 0.01 of 0.001, respectively. 


Lech partial correlation colwes in Teble 5 summerioes the results of « 
stepwise qultiple regression analysis to seseee which environments! and whale 
ectivity weriebles seemed to affect the dependent weriebdle, i.e. duration of 
surteciag, sumber of blows per surfacing, etc. The significance and direction 
of the relationship ere shows for those weriebles thet showed «4 significant 
partial cerrelation with the dependent werieble, i.e. @ significant 
relationship efter the effects of other environmental and whale activity 
veriables were ‘teken inte ecoownt’. The lest sewerel rows of the table give 
the semple sices end the etusl summery etetieticsn for multiple regression 
enalyees. 


In general, we place little emphasis of correlations significest et the 
marginal 0.01<pC0.05 lLewel. Given the lerge — — of tests done, « few of 
these aeppereat relationships would be eapected by chance ewer if there were so 
tree reletionship. Ales, in the case of partial correlations, the sowiaal 
significance levels are keown to overstate the real significance lewels. The 
precise walees cannot be calculated (Draper and Geith 1981, p. 310-2). Thee, 
some of all of the partial correlations designated as ‘+’ of ‘~" are 
undoubtedly son significant (70.05) end set indicative of real effects on 
whale behavior. 


The sieple correlation enaslyees indicated thet éderetions of serfeciags 
and dives by whales feeding in deep water were sot etrongly related te any of 
the environmental or whale ectivity wariebles considered (Table 5). The only 
relationship significant et even the sarginal 0.01°6PCO.05 lewel wae « tendency 
for dive d@eretion te be greater in 1986 then ia other years. Maltipie 
regression analysis suggested that thie wee «4 real effect, aod thet there wae 
alee « tendency for shorter dives late in the season. Bowewer, the gultiple 
regression results for dive times are of very Goubtiel reliability because of 
the low sample siee (a * 19). 


The sumber of blews per surfacing wae set strongly correlated with many 
variables, bet id tend te be higher late in the day (PCO.001). Also, the 
number of blewse per surfecing tended te be higher whee the surfacing was 
terwineted by «@ ‘flehe~out dive’, i.e. the teil Clebes were raised abowe the 
surface a6 the whale submerged. Only the time of day effect wae significant 
whee all wertelies were considered together via @ultiple regression. Ageia, 
however, the semple siee (a © 19) wee tee low for reliable multivariate 
analyeie. 
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Meee Slew ieterwal wes set correleted with aany of the euviroumestsl or 
whale ectivity wertedles. However, Slew ieterwale tended to be shorter whee 
several whales were feeding together thee for single whales. After thie effect 
wes tebhes iete eccowst, there was alee evidence of shorter blew ieterwale late 
is the Gey. Beceuse of the larger sample sice (eo = 69), reeelte for blew 
isterwels ere gore reliable thee theee for other waeriables. latereetingiy, 
Vireig et al. (1983), p. 3) alee found evidence for slightly shorter blew 
isterwale late ia the day ia the Beaufort Sea after effects of other wariables 
were taeben iete eccoest. 


Ie genersi, the enslyees summarized ia Table 5 indicate thet the 
surfeciag, teepiretion end diving cycles of bowheads feeding in deep water at 
lesbelle Bay were sot strongly releted te aeny eawironmentsl of whale ectivity 
verieabdles. Thies leck of strong correlations wae probably lergely Gee to the 
narrow renge of feeding circumstances considered, a6 defined in the Methods, 
p- 25 Whatewer the reason, thie result is encouraging with respect te the 
likely comparability of dete from feeding whales in the esstera and westere 
eretic. 


— Bevereire fe ome thet were actively ieterecting at 
close fenge were enc tom the ‘feeding is deep water’ category. Sowever, 


there were wirteslly ee sech cases ot lLeabella Bey. Foertheraere, there were 
very few cases (12 of surfecings) in which two feeding whales were swimming < 
body length epert end pereliel te one another, which we call @ ‘passive social 
interaction’. Similer results were obtained for whales feeding in deep water 
in the weetere arctic (Table 48). 


Aerial activity~-treaches, teil slaps, flipper slaps aed relle~-wes 
iafreqeent among feeving whales at lLeabella Bay (22 of surfecings, Table 4c). 
The corresponding percentage for whales feeding in deep waters of the weetera 
aretic wee 6t, 


bowheads feeding is deep water at lteabella Bay reieed their flekee above 
the surface at the onset of 782 of their dives. Thies is @ high percentage 
reletive te other categories of whale activities ia the esstera arctic (Table 
sD). Siwileriy, in the weetera eretic, tlebe~oet dives seen te be gore commen 
for whales water-colems feeding in deep water then for these in shal lower 
water (e.g. Bicherdeon et al. 19876, gp. 356). 


—7 feeding activity at teabelle Bay cocerred ia deep water 
over glecial~remnest troughs seweral tilewetere offehere. fesentialiy aii 
feeding wae of the type fecegeioed in the weetere aretic a6 ‘water column 
feeding’. There wee Little evidence of coordinated feeding behavior between 
different iedivides! whales. Bowewer, surfeciag~dive sequences of some 
‘paired’ whalet were synchronous. Sear-eurfece feeding appareatiy wee rare, 
and sear-bottoe feeding eas sot detected. Whales feeding in the trough SF of 
Cape Saper sewed beck ond forth throegh the ares free one surfacing te the 
sent; im 1964-86, 642 of the dives in the BE Trough were withia « 3 be? ares, 
When et the surface, bowheeds often defeceted, and fecal samples (8 * 2) 
contained remnants of large copepods. Liwited sooplentton sampling indicated 
thet concentrations of large copepods cecuerred at depthe >100 @. Sowheads 
feeding in deep water eahibited eneeusiiy long dives and surfaecings, with many 
respirations per surfacing. Thie behavior is consietest with diving te great 
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Sepths. Vithia thie category of whale ectivity, surfeciag ~ reepiretion — 
diving dbebevior wes correlated with few of the eevironments! weriebles thet we 
consi¢ereéd. Thie reflects the serroew eevironsentsl coetest is which weter~ 
colems feeding wee obeerwed at leabella Bey. Aerial ectivity wee very 
iefreqsest. Host surfeciags of feeding bowheods ended with « ‘flube-oet’ dive. 


Rebevior of Sociol ision Sewboode st toebeiioc Sey 


Secialiaing bowheode ot Leabelle Bay were found primarily ia the ehallew 
weters of tesbelle Besk, seer the observation site (Fig. Sil; Teble 2C). 
Secieliaiag wee commen ie beth lete Augest ond early Septeaber, e0¢ wae 
obeerwved ietersittestiy ot a1) times of day (Table 24,8). Whether it coat inved 
ot sight is eskeows. The geet commen sitestion was for 2 of 3 whales to be 
leceted close together, often with edditions! whales within | be (Table M,8). 


Dering sony iedivides! eerfeciags by whales classified a8 socialiaing, 
there wes 06 overt social teterection with « seartby whale. Sowever, ective 
ieterections were gech Gore commen dering serfeciags when the group ectivity 
wes classified as socialicing (20% of surfeciags) then for feeding, local 
trewel, or @igretion (Teble 48). 


Tt ie diffiewlt te discere the senieus reage of scowstic commenicet ior 
among bowheads ont, hence, of their social ieterections. Although the whales 
were oftes epreed ower « large eree at leabella Bey, it wee often apparent 
from their co-ordineted activity petteree thet they formed «@ diffuse herd. 
Activitios probebly were coordinated wia long-range scowstic exchenge. Wireig 
et al. (1985e) seoted thet ia the Beaufort See, “There wee often of lapressive 
éegree of synchrony of besic bebeviors eneng seabers of quite widely epeced 
groupe.’ They soted ‘apparent seyechrosiacetion of beheviors of tise seales 
renging from seconds to Gaye’, and thet general ectivitios sometiaes differed 
among locations. Siviler erachrony of berd activity petterss wee obeerwed at 
leabella Bey. Withia thie leeee eeciel fremework, it wee eppereet thet (aside 
from the iedividesi), there were twe besic social epite: peire and lerger 
groepe (generaliy }-6 whales). 


~~~Been deta from teabelia Bey indicated thet, of the average, « 
siniewse of 362 of the animale were senders of obvious peire (Fieley et al. 
1986, p. 47). Gewiews peire were esuslliy seen within « few bedy-lengthe of 
eech other, e064 ethibited co-ordinated behavior. Peire commonly remeined 
tegether ever peri of heere. Jedging from the amount of white piguestet ios 
om their peduncles! » t eppeere thet peire etesliy tewelved e@elt whales, 
Although there wae se direct evidence, Finley et a1. (1986, p. 38) sugpeeted, 
beved of beheviorel evidence, thet peire represented gale~femele sence iat ions, 
Pairs ccourred throughout the renge of the herd ot leabella Bay whereas aoet 
of the lerger social groupe cocerred in one area (eee below), 


— soe groupe of 6 (or Gore) Whales were trensitery and 
iewel evels of aetivity en¢ bebhevioral iaterection. These larger 


groupe Gcourred aleeet exclesively of the shallow leabella Bent. These groepe 


19 — the weetere eretic, the emowet of white teede ‘4 isereaee with 
jeereesing Whale sine (Dewie of a1. 1989), 
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sleost slwere iecleded «4 ‘coetral’ whale ont «4 suaber of ettendent whales. 
Their conspiceces ectiwities incleded tail tofte!! (Plete 1), teil end flipper 
slepe, folle, cheeses, caresses, scenes! condect, on¢ geck wocslicetion. TLecept 
for teil lefts, ell ef these ectivities hewe bees recorded is senual ly~ective 
groupe of bowheeds in the weetere arctic (fveritt end Erageen 1979; Ljengbdied 
198i, go. thy Ljemgbled et ot. 1982, p. 22; 19840, gp. 25, 83; Vireig et al. 
198Se,b). Thie ectivity wee similer te the breeding behavior of southers right 
whales (Seapmen ond Tayler 197); Perne ond 1983). Jedging frome the lect 
of white pignestetion of their pedencies’®, aoet of the whales lewolwed is 
greep seeesl activity of Leebella Bent aay have been lerge sebeduite. 


te oll cares, groep semesl ectivity wee directed of one aenimel thet 
frequestiy rolled belliy~ep. Si@iler behavior hee often bees seen ie southers 
right whales off in Weetere Arctic bewhesds, ont hee been interpreted as 
female ebetiaence. Gowewer, of 2 of 3} occasions whee the see of the ‘coatral’ 
seine) i6 fech «@ groep wee Getereined af teabellia Bey, it wee — male. The 
ettendest enimele siee were wales, a6 evident from their eneheethbed? pesices, 
ie ell cases whee their see could be detereined. Similar hemesenes! Sehevior 
hes bees obeerved in etelescent right whales (C.¥. Clark pers. comm.) and may 
be quite commee emeng coteceens ie genersl (Seapnen aed Tayler 1973) Wireig 
1988). 


Wireig et a1. (C198Se,.8) obeerwed thet the emowet of social ~eones! 
ectivity of bewheeds ie the Beaufort See declined free early Auguet te early 
Septeaber. They suggested thet this treed aay heave been part of « cont iauing 
decline trom « (presumed) epring breeding season. The enownt of social ~eenes! 
ectivity ie leebelle Bey Geclined after eid September, bet thie gery beve beew 
dee te wore favorable feediag opportunities rather thee waning seneal 
ieclinetion. Tt eppeare thet ef least seme bewheede engage in senuel 
ectivitieos t(hteagheet geek of the pear (eee review by Beriai ef a1. 1984), as 
so right whales (Payne and Doreey 1963). Por this reseen, there is some doubt 
shout the tieiang of the tree meting season ond of conception. te any case, 
setesl ieterections ere commen af teabella Bey in lete summer. It woeld be 
velesbie te leaers whether the bewheeds thet engage if setesl setivity eat 
leebella Bey Goering lete semmer ere semeelly aetere, 


~~"Rewhest sounds recorded ie leabella Bay of four dates 
ie 1 were aensivoed by €.8. Clear Gering the presest preject. The 
leebella Bey Geterial comsieted of 3} 8 of cassette tapee (Table 6). All 
recordings were gede if the presence of secialiy (often semgealiy) seetive 
whales ie shallow ((90 @ ) wetere of Teabella Bent. Figure 14 shows euamples 
of seven of these sowed types a6 they appear of spect regrephe. 


te Teble 6, © WHALES wee the cumber of bewheede within the eet imeted 
recording reage of the tayet. DURATION wae the length of the recording 
session. The call tyrpee labelled OPeweep, DO¥Rewees, COMBtant, a0¢ INP lLected 


1) Geil left (Plate i): Peee « etetionery of seaer~etetionary position, 
the teil wee lifted high, the beet erehed, e064 the whale slowly sant 
werticoaliy. Geeesionsliiy the teil fell te ene side @eriag « left, of berely 
cleared the serfece. The flebee 414 wet slap the surface sharply. 


Tobie 6. Geamery of differest sewed trpee recerded free bewheed whales be leobel lc er | eee 
teet for Geteile). 


Calle Orher Beends 
Der etion 
Dete * Prelee te) rT )3 «6h. rer... io wane. rar. Sie — 6 oe 
+ tee } o.™ ia , . 5 } 326 } iz? o a? 
a) Sep #5 oe 5.73 i2 ‘ J ii 23 id} 100 i” 4 
} See #7 4 . * , } © zi * “ is CY) 
18 Sep #7 5 o- ? tf o J 5 é +3 1? ? o 
Tota.s 1. s) ie + y Me ass pmo dis * a? 
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refer te treqeeecy~eedeleted (FH) calle with FH coeteers epprecimeted by the 
seme of the coll type. S1GF refers te ony TH call thet wee showe 609 Be (e.¢. 
Tig. 14). GARE refers te « bhereenic of peleed tone call, cherecterioed by ite 
rich bereeeic spectrum (Fig. 14). Ge epectregrephe, Sereenic sounds oftee 
opposer similer te the discrete peleed calle predeced by tiller whales ‘eee 
Ford 1967), emoept thet the feedemeets! for bewheads ic between 25 and 100 Be. 
PUL refers te « complet peleive cell with breedbend, couples spectral energy 
éietribet ios. 


The fremsieing sowed types listed ie Table 6 are set calle. A SLAP is « 
short-Geretios, witebent soend with « sharp onset (Fig. 14). A slap sound ie 
eeesliy, bet set elwers, preo@eced by « whale etribiag the surface of the water 
with ite peeterel flipper or flebes, oF with ite eatire body Goring «@ breech. 
RW refers te « sowed preodeced by the euheletion eed/or ieheletion of air 
Goering feepiretios. Blew sewnds are typicsiiy breedbend, seiey sounds with 
some enderivying (requeency eupheci« oof of weriable Geretion. CO-OMOF refers to 
& peir of eeiey, Sreetdbend sownds, eoch lesting erowed 0.20.4 © and seperated 
by q 0.3 © (Pig. 14). Te the humen cor, the second part of the CHURCH sound 
hes @ dietinetive reeeil~lite qeslity. The sewed is get «4 weeelioetion eed is 
eet eseocieted with ony visible serfece eetivity. Tt is, hewewer, eeeee lated 
with the presence of bewheed whelee sear the recording site. 


Dering the 6 Sept 1984 seesion there were three whales, « pair ant of 
‘escort’, engaged ie vigorous social setivity thet iseleded gue tail lofting 
ond slepping. Gocesionsily the whales come inte cleee contact sitheugh there 
wes G6 evidence thet they engaged 16 setesl contact. There wee @ wide variety 
of hermenic (pelee@~-tene) calle en¢ sleep sowede (Table 6), slee seer CO-ROF 
Counde. 


The 2) Sept 198) recording wee Gade amidet « scattered bord of 64 whales, 
seet of which were withia } be of the recording bavet. Seoet of these whales 
were reeting of engaged if @ild social setivities. Sewewer, tee oF three 
groupe were engaged if ietensive seciel~eetes! setivities 2+) be from the 
beyet. The bevel approached withia 20-40 © of seweral iedividesli«, end of tee 
eocesions jiedivides! whales appreeched a6¢ deve Heweeth the tavet. The 
eeterwater fecerdiang coeteined @ wide waertety of PH calle, peleive ond 
hereesic (peleed tense) calis, on slepe. ltetereetiagiy, deepite the aeny 
whales i6 the bemediate eres, © Gere thee toe whales seemed fe o¢l! af one 
time. 


Dering the 3 Sept 198? seeeioe, 4-6 whelee were engaged ie leteneive 
heomesetesl ectivity i ene general lecetion withia 109 © of the freoording 
bapet. One whale wee the foows of the seeeel setivity. Beeed of the Gorpheloey 
ond position of ite genital slit, it wee «@ gale. Tt frequeetiy rolled belly a 
While the others etteepted te copelete with it, The en@erweter feocerd wae 
somineted by compiles pelsive calle emitted ie eperedic cleetere, 


Derieg the 10 Sept 1987 seesios, I) whalee were engaged ie treneiont 
homesetes! eetivity. The “ceetr. © enimel, « subedgelt gale, frequeetiy cheaged 
becetion en¢ eee pereeed by the Gales. Ageie, the enderweter feoerding wee 
Somieetet by complies peleive callie. The prepertions of the weriewe treee of 
eelle were sieiler te the prepertionse of } Sept 198? (Table 6), 
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Overall, the leebelle Bey recordings consietet aeetiy of complet peleive 
celle ee¢ bereesiceliiy rich (peleetd teee) celle plee slepe. Seente wore 
eeesliy preogecet ie cleeters bhewing st@iler ecowetic queelities, giving the 
bepreesion thet «]] sewnde te the cleeter came free the seme ietivides!. Theee 
sounds were progeced by socially (eed often semesliy) eetive whalet. Seece, 
the fecerding sitesetions were qeite @iffereet free theese whee Geet dete of 
celle of Beetere Arctic bewheets hewe beet recorded. Therefore, comperioone of 
teeters ent Veetere Aretic call Gete eheelé be Gene wIth ceet ioe. 


The hereesic of peleed tone calle recorded ot leabelle Bey were often }-* 
* te Geretion (Fig. 14). They were longer thee the Bermenic calle recorded ie 
the Geetere Aretic, Shieh were genereiiy eniy i-d © if Geretion. Sermenica 
(peleed tees) celle comprised « high prepertion of the calle recorded af 
teebelia Bey (51%, of 495 of O90). All of theese calle were recorded dering tee 
recording seesions, ont the aajerity eoowrred of 6 Sept 1984. Folly PIT of the 
celle receréed of thet eocesion (324 of 358) were hermenic calls. Bering thet 
seesios, « trie of whales lewelwing @ pelt ent of escort engaged ie leteneive 
beterections, isclediang Guek teil leftiag ond slepping. 


Polsive sounds seceweted for Jit of the calle reoorded ot teabella Say 
(280 of 890). The peleive sewnde were similer te the fears, trempetiags ene 
eereeme beard cooeeloneliy Gerieg the epriag 66 summer seenene if The weetere 
eretic (Clert en¢ Jobesee 1964; Liwenghlied ef a1. 19827, 1987; Wireig of al. 
198)). These peleivwe sewndse were slee very femieioceet of the sequences of 


complet pelsive calle predeced by semesliy eetive greepe of seuthere right 
whales (Clare 198)), 


Pigh TH calle seceweted for 62 of all calle recorded ot teabella Bey (54 
of 890). All bigh TH calle were seeecieted with complet peleive calle, oe hee 
been obeerwed for Weetere Aretic tHewheed calle free other seeeene. This 
further sebetestiotes the conclesion thet bigh FH calle ere sseeciated with 
eecieliy ent semeelliy eetive whales, 


All of the staple FR callie (OF, BOWE, COMEteet, ont ISP lLected) recorded 
ie Teebella Bey were of very week leteneity, of lediceted by the poor signal 
te eeiee retio ie Fig. 14. Thie etrengiy teplies thet they were predeced by 
sietest whales onf cet by ony of the secielliy eetivwe whalet eater wiees! 
eheervetion sear the recording sites. Aloe, sieple FR calle coeprieed ealy 11t 
of all calle reeorged of teabella Bey (10!) of 890). Theee shaple PH calle were 
eeeeetialiy igeetiogn! te the sheple FR celle fecer@Ged free Weetere Aretic 
bowbeoeds Goering epring e6¢ summer, 


A comperioos of the types o6¢ preopertions of the bewheed sounds recorded 
ot teebelle Bey we. ie the Beetere Aretic appears letter te thie report. 


ae ective eeeiael teterectione ebeerwed ia detail 
of a ter lero bowheeds 16 shallow wetere ewer the lTeebelia Beet. Te 
ohtaele @ relatively Hemegeneews Geteeet for enalveie, we selected eheorwet lone 


of bewheeds engaged if social ieterections is water (80 © deep. (See 
"Betheds". ». 79, for gore epecific selection eriteria, ) 


Revel ter-Becielioing of leabellie fer 


The Geretions of eerfeciage the secielioing whales, ent the 
umber of blows per surfacing, o11 tended te be low (Fig. 15). Bering of 
everege sorteriee~tive crele, b© ehellew water of leabell« 
Sey Gove for 1.4 wie, serfeced for 1.2 wie, ont roepivred 2 theese Goring the 
eurtecing. Corresponding overage weleee for feeding whelee ie Geep wetter were 
13.8 @ie fer dives, 4.7 wie for serfeciags, ant |? Blows per surfacing (Fig. 
13). a2 ehewe letter, weleee of these three weriebles for whales engaged ie 
beoel trevel enf wigretion is the eeetere erotic were letereediate beteoes 
these of soclelioing o@¢ feeding whales. For ell three weriebles, the 
sitteresces smeng cotegeriosn of whelee ie the eeetere erotic eere bighiy 
sigvificest 


The seen Geretion of serfeciog for secteliatiag lteabe.ia Sey, 
1.2 © 6-4. 1.8 oie (oe © 78, ronge ©.02-12.1 win), wee siwiier te the 1.2 + 0.8 
win Te © 16) reported by Wereig et of. (1980) fer actively sectelicing ehales 
eoummeriog i6 the weetere eretic. Se ceoweted o1) serfeciage of 
grverel eetivity Geriag the ebeerwetion session of « whole wee foe lelialing. 
hetive eecieliaing Gocerred Gerieg oely eheet 20% of these surfeciagse (Table 
4). te coetreet, Cireig ot ol. considered only whalee thet were setively 
eocielioing Geriag the serfeciag t# Geeetion. Gewewer, the weetere eretic 
ressite proved te be ehowt the seme (1.1) © 0.7, © © 276) whee we reconpeted 
the seen beset of The seme precetderee eeet for the leebella Bey Geta. For 
eorlelioing whelee of leebelle Bey, serfecioge (30 © ie Geretion were by Ter 
the Geet commes. Of the 7S serfecinge Gepicted ie Fig. 1, 1 were (80 © ie 
Seretion, The "(30 «° category wee set the eedal cotegery for any of the other 
three whale activities enemined te the eeetere eretic. 


Cives the short eerfeciage (end dives) of secieliaing haloes, if ie set 
serpricing thet the suaber of blewse per serfeciag sliee tended te be lew. The 
meee of 2.1 ¢ 0.4, 2.9 Blows per serfeciang (& © 35, renge O-ii) ot teabeli« 
Bey wee low set only feletive te ether cotegerios of bewtrede ie the eastere 
eretic, Set slee feletive te reeulte free the Seaefert See. Wireig of ai. 
(19838) ebeerwed 3.9 © 2.2 blewe/eurfecing (© © 61) for setiwely eeeteliaing 
bewheads ie the Beeefort Ses ie summer. Ger reenelpeie of the Beeefort Gets 
showed 4.6 + 3.0 Blewe/eurfecing (@ © 224) whee beeed oF the seme eriteria a 
opel ied ef Teabelle bey. The eeetoweet @ifferesce wee bighiy sigeifioeet (te * 
6.67, @f © 257, POO.001). 


The seen dive Geretion ot teebeliea Bey, 1.6 + 6.4. 1.7? @ie fe * 45, renge 
S.i-7.8 @ie), eos very shert--eet @eekh leager thee the geen deretion of 
eurfeciog (1.2 @ia). Thie feeelt, ceepled with the shallow water of the 
boeetions of the secieliaing whales, bedicoetes thet they epeet geet of a1! of 
thei time cleee te the surface, ant abeoet belf (471) of thele time of che 
sertece. perceet is o8 eteeesliy bigh prepertios of time «Ff the 
sertece fer bewheede~~higher thee for ether categories of whalee ie the 
eeeters eretic, emf Higher thee bee bees foeeed ie the weetere aeretic. 


The istervel beteees successive Blows withia « surfacing averaged 17.7 + 
1.6 © te © 3 eerfeciags, renge O-64 6) for secieliaing whales ie shel lee 
wetter of teebella Ser (Fig. 14). Thie geen wee wery eheiler te fhe geene foe 
feeding whales (Fig. 13) ent for whales engaged te leeael trewe!l @igret ioe 
(Fig. 16, 17, leter) CF" © 6.89, @f © 3.97, P.O), 
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Figure 15. Frequency disetribetions of surfacing, freepiration and diwe wariablese for weadistuerbed bowheads 
socializing in shallow (©50 @) water at Leabella Bay, eastern arctic. 
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r f tie Bat bec hag Dive Srcie.~-Derat ions of surfeciags by 
socialiaiag whales at isabella Bay were strongly correlated with only twe of 
the werisbles examined (Table 7). Ewen though all dete thet were considered 
were froe water (0 @ deep, surface times tended to increase with iacreasing 
water depth (P<O.001). Alec, the lerger the euaber of bowhesds within sbout | 
ke, the shorter the surfecings, on the average (P°O.01). Multiple regression 
analysis indicated thet once the correlation of surface times with water depth 
(log trensforeed) was taken inate sccownt, there was so significest partial 
correlaetion with suaber of whales within | te. Sowever, the sumber of bowheads 
withia i te was correleted with water depth to « sufficiest extent (¢ * -0.17) 
thet it wes sot possible to detersine which of these two variables actually 
attected surface ¢ mes. 


The susber of blows per surfacing was sot significentiy correlated with 
any of the wariebles examined. Mean blow interval was strongly correlated only 
with time of day (P<O.01; Teble 7). Slew iaterwale tended to be somewhat 


longer late ia the day. 


Durations of dives by socializing whales showed strong (P°O.001) negative 
correlations with seweral wariebles: date, sea state, distance from shore, and 
—— of bowheads within | te (Teble 7). There were alee somewhat weaker 
(P<O.01) positive correlations with water depth and the occurrence of 
trewelling a6 well a6 socializing. However, these variables were ali 
interrelated. The strongest simple correlation was with sea state. Once that 
relationship was teken inte eccount, there was oo significant partial 
correlation with eny other werieble. It is sot possible to determine whether 
sea state actually affected dive times, of whether the apparent effect was 
attributable te one of the other interrelated variables. 


Thes, for socialiaing whales three of the four surfacing, respiration and 
dive wariebles were etrongly related to few or sone of the environmental 
variables. One wariable, the dive duration, was correlated with « suite of 
interrelated fectors. However, it is possible that only one of these wariabdles 
hed « causal influence. 


(Table 4A). Moderate and fast swimming was very enscommen during social 
interactions. 


Active interactions with enother nearby whale occurred during 20% of the 
surfecinge--a @uch higher percentage then for whales engaged ia other 
ectivities. In eddition, during another 2723 of the surfacings (also 4 very 
high percentage), one of gore additional whales were <$ body length away, but 
without enp active interaction (Table 48). 


Aerial behavior was wery (requent during socializing. One of more serial 
activities occurred during 462 of the sc+’acinge~-a wery high percentage in 
cvepericon with other situations in the eastera or westera arctic (Table 4C). 
Flipper slaps were especially common, but tail slaps and breaches alee 
occurred sore commonly among socializing whales than emoxg other whales ia the 
eastera arctic (Table 4C). 


Teble 7). Summery of sieple end partial correlations betwees (4) eewirouments! en€ activity wertebdics 
ve. (&) tower eerfeciang, reepiretion ee¢ dive weriablee*: bewbeets secieliaiag ie shel low 


(C50 @) water te Bestere Arctic, 19%. 


Predictor Veriedle 


Deretioe of 


Berfecing (eie)* 


Be. Blewe per 
herfecing (+1)* 


eee Blew 
leterwe!l (ee )* 


Deretioe of 
Preceding Diwe (ene) 


Some heaie Simple 8= Partial Semple = Pertiel Simple 8 = Pert bel Semple Pertiel 
Dete b+ Pet es es on o-- 
dete? (o-%)? we es “s — 
Tom &- 204 ee we . ee 
Tiee? (ope)? ee os - * ae 
See Blete er ee we we --- --- 
lee Cower 1 
—xX 
Diet. free Shere bog (=) oe . es we --- 
Weter Depth beg (e) + eee ee ee * 
Group Gctiv © Trew. + Bee, &1* es «es . ee 
- " © Teew, * Peed - 
” - bee. . Feed 7 
Se. See. Pitkin | te -- ee ee --- 
Creep five i+} ee we we oe 
Active Secielie.?* o-;* es ee os as 
Peesiwe Secielie.? = . ee ‘ 
heriel behew.’ - ee ee ee es 
Presdiwe Flebes’ - ee es ee es 
Semple five $3 ‘ a) * 3” 3? we “ 
Meltiple Correletior ou . 0.400 0.62) 
2 Verionce Eupleined 9 . 8.) “ft 
sé jeoted 1 Ver. Depl. 4.0 . 13.9 37.4 
Owerell Signi ficence ooo . ee 


* The foer dependent weriebles were a1!) legeritheiceliy tresefermed te eveld ehewnese, 


Pleses indicate positive end sigeificert correletions of pertiel correletions; @ineses indicate segetive relet tonehipge 
*. + of ~ eeene 0.0397 0.0) 


Blewke te the simple correlation colemee Genete veriebles thet were sot enelveed because they were conetent of seariy ee for 
Pertiel 


eecielicing @heles, of becouse the walee oes etbnews for 


“~~ +) oF ——" Genne P<0. 00) 
— eeene 6.0190. 001 


oe. “* 
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* comsi@eraeble prepertion of the otherwieereeeble cence, 


correlations ere shown only for these wariebles significant (nemine! PCO.05) secording te stepwise guitiple regression. 
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Fieke-oet dives were Got commen smong bowbeads socializing is shallow 
water ot ltsabella Bey. Only 142 of the diwee were initiated by raising the 
flukes sbowe the surface, a6 compared with 782 for whales feeding in deep 
water, 12% during locel trevel, end S62 during wigration (Table 4D). Flieke-out 
Gives were Gere common smong bowbeatds socializing is llew weter in the 
westera thes is the eastera arctic (48% we. 143; chit © 67.1, €f © I, 
P<<O.001). The reason for this pronounced difference is enkaows, bet may be 
related te the fect that socialising was eeually interspersed with feeding ia 
the weetera arctic bet sot ot Ieebella Bay (Teble 39). The rerity of fluke-out 
dives by socializing whales in the east aay alee be related to the shallow 
water end to the brevity of typical dives. 


«~“Bowheads socializing is shallow water at Isabella Bay often 
were im wery ective social activity, frequentiy with an obvious senual 
component. Groeps of interacting bowheeds seemed to contain «4 consideradle 
proportion of large subedults, whereas pairs of interacting whales often 
appeared to be adults. Socializing bowheads produced sany enderwater calle and 
other sounds. High proportions of their calle were of the types that have been 
associated with ective social interactions in westera arctic bowheads and 
southera right whales. Socialiaing bowheads hed short surfecing-dive cycles 
with few respirations per cycle. Surfacing, respiration and dive variables 
were sot correlated with gany of the environmental variables examined. Vithina 
& gives observation session, the socializing bowheads seemed to concentrate on 
social interections. Within periods lastiag sinetes or hours, they sormally 
4id sot interwia socializing with feeding, coetrery to the siteation in summer 
im the western arctic. Aerial activity and active social interactions occurred 
during enesually high percentages of the surf ecings. 


Directed Loca! Novenente ot tsebeiie Sey 


When bowheads were sot engaged in feeding, social and other activities in 
favored \lecations at Isabella Bay, they were generally involved in directed 
movements between areas. The observation site at Cape Raper was well situated 
for observing these sovements. Whales often passed by the cape when they soved 
between the SE Trough and Ieabella Bank or across Isabella Bay to Kater 
Trough. These local sovements occurred withia a sarrow corridor as the whales 
converged on the cape, but were distributed ower « broader area when the 
whales crossed leabella Bay. Directed sowements were linear or curvilinesr. 


Local trevel was common in both late Aurust and early Septeaber, and 
occurred during all daylight howrs (Table 2A,8). It was observed at «4 wide 
variety of distances {rom shore, and ower « wide wariety of water depths 
(Table 2€,0). Although gost of the obserwed cases were under conditions of 
Little or ao ice, local travel was the one activity that was occasionally seen 
when ice covered >102 of the sea at Isabella Bay (Table 20). Whales engaged in 
local travel were esuaily singles er pairs, although larger groups were seen 
occasionally (Teble JA). Met cates of movement during directed local travel 
were variable but tended to be slow (<4 bash; Table 4A). 


Surfacing-Dive Cycie.--During local travel, durations of surfacings and 
dives, and the number of blows per surfacing, all tended to be intermediate 
between the high valves found for whales feeding in deep water and the low 
valves for whales socialiging in shallow water (Fig. 16 we. Fig. 13, 15). 
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Figure 16. Frequency dietribetions of surfacing. feepiration and dive 


veriadbies ter weedisterbed tbowheads 
engaged if local travel et teabella Bay, eaetera aret .¢, 


co see © 11 eGre] 


Reeuelte~-Lece!l Trewel ot leaebella Bey 


Dering lecel trewel, an everage cycle consieted of « 7.3 wie dive ant « 2.9 
sie serfeciog o1th © feepiretions. Seeed of the average surface and dive 
deretions, esetere erectic bewheetds were ot the surface shoot Jif of the tine 
dering local trowel, of opposed te 235 dering feeding, 427% dering social icing, 
ond 145 Goring @igret ios. 


leterwels betwoeen within « serfecing averaged 18.4 «& 
(Fig. 164). Thie wee the Bighest everage for eny of the four categorics of 
whales stedied in the + aeetere erctic, bet differences emeng theee categories 
were slight end set ete tietically significest (F" © 0.89, €f = 3,97, FO.05). 


Beceese few of the weetere eretic dete could be sesigned specifically te 
whales engegeé if loce trevel, © cComperieons with weetere erctic deta are 
possible. 


Tentote — -~*Deriag lecel trewel, the 
éuretion of suerteciag wee etrongiy correlated with several environments! and 


other weriables (Table 8). Serfece times tended te be low for the two whales 
obeerwed briefiy ia 198) end lew ia the presence of ice. Serfece times tended 
te be higher lete ie the season, for whales far frome shore over deep water, 
ont tor whales ie lerger greepe. Moet of these appereet relationships seened 
te be « reselt of the few 198) ebeerwations, whee ice cower wee greater thee 
average, the obeerwetion dete wee relatively euriy if the season, on6 the 
whales passed clese te shore if shallow water. Once the enetesliiy lew seriece 
times obeerwed ia 198) were teben inte sccownt by Gultipie regrestiosn, oaly 
the correlation betweee lLeng serfece times a0¢ larger groep sites remsined 
significant et the PCO.01 level. 


The susber of blows per surfacing wae set strongly related te say of the 
veriebles consi¢ered, Het the seen Slew iaterwal wee positively correlated 
with sewers) vweriables (Table 8). Blew iaterwalse tended te be longer late is 
the season, with Higher see etetes, well offehere ever Geeper water, an¢ with 
lerger group tiees. Slew teterwals alee tended te be shorter dering surface ings 
thet ended with «@ flube~oet diwe. The ‘distence free shere’ effect was 
strongest, en¢ was prebebiy reepensible fer the siaple correlations with 
several related weriables. Once ‘“dietence from shore” wee taeben iate sccewnt, 
moet of the other partial correlations were set significant, '* 


Dive durations dering leesl trevel were set strongly correlated with many 
veriebiles. Only @ segetive cerreletion with the seueaber of bewheads within | be 
wee significant at the PCO.01 lLewel (Table 8). 


a re engenet in leecel trevel were aoet 
commoniy singletons, for of the serfeciags there wae Ge other whale within 
5 body lengths. Pairs were alee common (36%, Teble MA). Active secialicing wae 


rere @ering lecel trewel (Coaly if of serfeciags, Table 48). Flipper aed tail 
slepe were slightly sere commen, with one of the other eoocurring Geriag Sf of 


ea strong Segetive partial correlation between geen blew isterwal and 
water depth wee 6&4 Sperices fetelt sseeciated with the elreng positive 
correlation of blew ieterwale with the clesely~related “dietence fren shore’ 
weriedie (¢ © 0.82 for leg water depth we. log dietence free shore). 


Table 8. Summary of sieple and partial correlations between (2) environmental and activity 
variables ws. (b) four surfacing, respiration and dive variables*: bowheads 
engaged in local trewel ia Eestere Arctic, 1983-1985. 
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* The four dependent weriebles were o)! legeritheicelly Cresefermed te eweld ehewnens. 
Pleses Ledicete positive end significant correlations ef pertiel correlations, @ineses indicate segetive re et Lenebipes 
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the surfecings (Table 4C). No breaches were soted during local travel. Most 
surfacings (882) terminated without the flukes being raised above the surface 
(Table 4D). 


Sumeary.--Local trevwel was 4 common activity of whales at Isabella 8-;, 
mainly — singletons or pairs of whales. Swimming speeds were usually 
slow. Durations of surfaecings and dives were intermediate between the high 
values of feeding whales and the low values of socializing whales. The same 
was true of the aumber of blows per surfacing. That variable, along with dive 
duration, was sot correlated with gany of the environmental variables 
considered. Surface tiges and blow intervals were correlated with severa' 
other variables; however, these results seemed to be largely a result of »« 
relationship to ome dominant wariable that affected seweral of the others. 
Little active socializing occurred during local travel. Flipper and tail slaps 
were somewhat gore common, but still infrequent. Most dives began without the 
flukes being raised above the surface. 


Behavior of Migrating Bowheads in Eastern Arctic 


Tising.--During late September and early October the component of the 
eastern arctic bowhead population that summers in the high arctic archipelago 
sigrates southward along the east coast of Baffin Island. These whales may 
include gany immatures plus most of the females with calves, although there is 
little direct evidence on this point. 


The timing of this southward sigration appears to be quite consistent. In 
both 1976 and 1979 the bulk of the migration occurred during the first week of 
October (Table 9). Similar sumbers of bowheads were recorded in both years: 41 
were seen going south past Cape Adair in 1978, 44 in 1979. When periods with 
no observations were teken into eccownt, at least double these sumbers were 
estimated to have passed. When sightings during aerial surveys were also taken 
into eccount, it was estimated that about 140 bowheads aay have awigrated south 
past Cape Adair during the esutumn of 1979 (Koski and Davis 1980). 


Observations at Isabella Bay, 240 ke south of Cape Adair, were extended 
as late as 9 October during 1966 in an attempt to document the continuation of 
the southward @igration. However, only 5 migrant whales were seen, on 5-7 
October (Finley 19867). In 1967 observations continued entil 3 Oct and only 2 
sigrents were seen (Finley in prep.). It appears that the bulk of the 
southward sigration pest Isabella Jay occurs later in October even though it 
would be theoretically possible for whales to trawel the distance between Cape 
Adair and Lsabella Bay (Fig. 2) in 460-48 bh if they sustained « rate of 5-6 
ka/h. It is possible that the migration at the latitude of Isabella Bay is 
less restricted temporally and spatially than thet et Cape Adsir because of 
the proximity of Isabella Bay to the bowheads’ wintering grownds in Davis 
Strait. 


Almost all of the available date on migrating Eastern Arctic bowheads 
were criiected during early October (Table 2A). Most of the observations were 
of singletons (73% of surfacings), with some data on paire (202) and a few 
observations (62) of «a group of three (Table 3A). 
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Table 9. Eetimeted sumbers of bowhbead whales passing Cape Adair, BE Baffin Island, 
Septeaber-October 1978-79 (from Koski end Devise 1980). 


i978 i979 
Bours of Bumber of Bours of Buaber of 
Date Obdservetion*® Whales Date Observetion*® Whales 
1}-18 Sep “4.9 0 
19 Sep 10.6 0 
20 Sep 10.5 0 
21 Sep 12.2 i 
22 Sep 12.3 0 
23 Sep 12.4 0 20-26 Sep 87.53 0 
24 Sep 12.5 -1* 
25 Sep 4.7 i 
26 Sep 2.4 0 
27? Sep 11.0 l 27 Sep 13.25 0 
28 Sep 11.0 2 28 Sep 13.25 0 
29 Sep 10.2 1 29 Sep 13.25 1 
0 Sep 9.1 0 0 Sep 12.50 2 
1 Oct 10.5 } 1 Oct 12.380 10 
2 Oct 11.0 14 2 Oct 127.30 4 
} Oct 7.9 I } Oct 10.90 0 
& Oct 11.4 i & Oct 12.00 2 
$ Oct 11.0 é S Oct 10.71 104 
6 Oct 11.3 x 6 Oct 12.25 1 
? Oct 10.0 $¢ ? Oct 11.80 I 
8 Oct 7.32 id 
9 Oct 0.25 o4 
10 Oct 11.73 ze 
il Get 2.3) 0 
12 Oct 0.85 0 
1} Oct 46. 0 
14 Oct 11.4% 0 
15 Oct 11.00 2 
16 Oct $5.80 l 
Totel 257.3 0* 277.40 aif 


* Eacledes periods of poor visibility. 

» Moving *. 

© an edditionsl 10 whales were sighted © of Cape Adair on 6 and 7 Ootober 1978 thet 
could sot hewe passed before obeervetions were termineted, 

* Exclodes « single whale recorded dering «4 period with wieibility lees thee | ke. 

* Eecludes one whale beard et 01/02. 

f Sacledes three whales recorded whee visibility <i ke, and one whale heard only. 
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Migration Corridor.--Bowheads regain close to shore during their 
southward @igration along eastern Baffin Island. All gwigrants observed at Cape 
Adaic and during serial surveys occurred within 1$ ke of shore; the sajority 
were withia 500 = of shore. The serial surveys conducted during 1978-79 
provided systematic cowerage of offshore waters of Baffin Bay during late 
September and early October. Despite this, so bowheads were seen offshore, but 
bowheads were found close to the shore during the searshore portions of those 
serial surveys (Koski and Davis 1979, 1980). Similarly, all migrant bowheads 
seen to pass Isabella Bay in 1986-87 passed within 500 @ of shore, although « 
few of the behavioral observations involved whales slightly farther offshore 
as they crossed Isabella Bay. The ‘coast-hugging’ tendency of migrant whales 
in eutemn away reflect «a behavioral response to potential killer whale 
predation in the absence of protective ice cower (Finley et al. 1986; Finley 
1987). 


t.--Migrent whales were identifiable by their 
strong, consistent, y-directed movements. Typically, migrating bowheads 


travelled about 5 ka/h. 


The mean speed of whales passing Cape Adair in 1979 was estimated as 5.1 
ka/h (m2 = 55 speed determinations on 22 whales). Combined data from serial 
surveys plus sightings at Cape Adair on the same dates gave «4 mean speed of 
4.7 km/h over an average of 14.3 tm (range 6.86-24.4 ke; « = 10 whales).!3 
These two means, i.e. 5.1 and 4.7 km/h, were sot significantly different 
(Koski and Davis 1980). Two sightings of groups of three whales on 4 Oct 1979 
(150 ke © of Cape Adair) and 5 Oct (at Cape Adair) probably cepresented the 
same whales, since groups of three were care (Koski and Davis 1980). If so, 
these whales aaintained an average speed of 5.3 km/h over 28.3 bh, including 
the intervening night. 


At Isabella Bay, theodolite data showed that « single whale eaintained « 
speed of 7.7 ka/h over 0.93 bh and «a pair of whales maintained a speed of 6.5 
ka/h ower 2.15 bh. The cates of movement at both observation sites may have 
been influenced by the southward-flowing current, which wight contribute up to 
1 ea/h of the rates mentioned above. 


Sur -~-During autumn migration along Baffin Island, 
durations of surfaeciags and dives, along with the sumber of blows per 
surfacing, tended to be intermediate between the high values for feeding 
whales and the low valves for socialiging whales (Fig. 17 we. Fig. 13, 15). 
During @igration, an average cycle consisted of « 9.3 min dive and «4 1.5 ain 
surfacing with 6 blows. Although values during migration and local travel were 
generally similar (see Fig. 16), surface times tended to be somewhat shorter 
and dive times somewhat longer during migration. As a result, the percentage 
of time at the surface was lower during sigration (142) than during local 
travel (21%). The percentage of time at the surface also was lower during 
Sigration than during feeding in deep water (23%) of socializing in shallow 
water (42%). 


13 This method was possible because whales were sufficiently wacommon on 
most dates (Table 9) to provide reasonable assurance that sightings at 
intervals of a few hours represented the same animal(e). 
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Figure 17. Prequency distributions of surfacing, respiration and dive variables for sigrating bowheads at Cape 
Adair and leabella Bay, eaetera arctic. 
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A low percentage of time at the surface hes also been soted during 
migration through the Alaskes Beaufort Sea (Freker et al. 1985; Richardson et 
el. 198676, pp. 300). Based on our reanalysis of westera arctic data, whales 
were ot the surface only 103 of the tiee during sutuen wigration through the 
Alaskan Beaufort Sea, a8 opposed to 13% during feeding ia deep water aod 30% 
éuring socializing is shallow water. 


The intervals between successive blows during @igration averaged 17.) + 
s.4. 6.0 « (a = 66, Fig. 17). This geen was similer to the seans for other 
categories of whales in the eastera arctic (cf. Fig. 13, 15, 16). This mean 
aleo was seaerly identical to the corresponding walee for migrating whales in 
the westera erctic, 17.2 ¢ 7.5 6 (a © 148). 


«~-During @igration slong 
Baffia ts » surftecings tended to short whee sea state was high, and long 
whee whales were in groups rather then singletons (Table 10). These two 
effects both remained significant when considered simultaneously via aultiple 
regression. '* 


The sember of blows per surfacing tended to be lower late in the 
sigration season, but was sot strongly (P*O.01) related toe any other variable. 
Mean blow interwel showed so strong sieple correlation to eny veriable, 
although there was evidence of somewhat longer blew interwals lete in the 
season (Table 10). 


Dive durations tended to be reduced late ia the aigration season based on 
the simple correlation analysis (Table 10). Bowewer, there was oo significant 
partial correlation between dive duration and date. There was evidence of 
reduced dive durations (es well a8 surface times) with high ees states. !> 


Ener Nenana teraties ee was wirtesliy ee evidence of active 
socialiaing during @igretion. Aerial behavier was rare. About S82 of the 
surfecings ended with « fluke~out dive; thie was @ higher percentage thee 


during local travel or socialiaing, bet lower then during feeding in deep 
water (Table 4). 


Suemety.~“migretins bowheads travelled consistentiy seuethward at 
comparatively high speed, esuslly a6 singletons or pairs. Typical travel 
speeds were about 5-6 ta/h. These speeds can be aaintained ower periods of 
several hours, end in one case probably for at least 28 bh. The peak of the 


16 Multiple regression alee rewesled «2 segetive partial correlation te 
the suaber of bowheeds within | te. Since thet werieble was strongly related 
te group sise (¢ = 0.74), end group site wae positively related to surface 
time, the segetive pertial correlation of surface time with ‘se. bewhead 
withia | te’ wes endoubtedly spurious. 


13 Dive duration also may beve been related te group tite end/or the 
nuaber of whales ia the area (Table 10). Bowewer, the isconsietent direct ions 
of partial correlation, tegether with the Leck of « strong sieple correlation 
with either werieble, seggects thet these effects were eperious. 
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sigretion pest Cape Adsir was ia early October dering each of the two years of 
obeervation there (1976-79). The @igretion corridor was withia if te of shore 
ot Cape Adair and probably alee aot leabella Bay (observations ot the letter 
lecetion esesalliy bheve aot extended late ceough iate the setums te document the 
pest of wigretion). Seen duration of suerfeciag, Guretion of dive, and suaber 
of blewse per serfeciag were intermediate between walues for feeding and 
eocialiaing ehales, ond geseraliy similer te walees dering local travel. 
However, sigreting whales epeet lees time at the surface (145) then any other 
category of whale. Duretions of both surfeciags ond dives by Sigreting 
bowheads tended te be lower whee sea stale was high thes when it was 
sear~-cale. Secialiaing eo€ serial ectivity were wery encoemon during 
sigretion. Fleke~oet dives were common, aithough lees se thes during feeding 
is éeep water. 


Compericos of Behevior io Eosters ve. Besters Arctic 
Feeding Bowheods 


pombe tee Isabella Bey, @oet of the feeding thet could 
De s det+il wes is one specific lecetioe--ia the deep water over the 
SE Trough (Fig. 6). Ae discussed earlier, gost of these whales fed ia ice-free 
water 100-250 @ deep several kilometers [row shore (Table 20-£). Their feeding 
mode wae generally consistent with the water coleme feeding described 
previoesiy ia the weetere erectic (Wireig et al. 1985e,6). Sewerel types of 


iedirect evidence seggested thet these whales were esualiy feeding at 
considerable depthe on concentrations of large copepods: 


~ The surfaeciags end dives were long, with sany reepirations per 
serfteciog; te gray e0¢ bempbeck whales, these parameters tend to 
ieereese with increasing depth of dive. 


~ Fecal semples (a * 2) contained large copepods. 


~ The senieue seoplesktos concentration consieted of large copepods at 
Gepths exceeding 100 «. 


The bowheeds ot teabelia Bey. presumably incleding these feeding ower the BE 
Trough, consieted aainly of edulte ed lerge subedeite (Fig. 8). 


Feeding ie the Beaefort See @uring semmer wee 4 Such Gove waeriable 
phenomenos. Thies ie set surprising, considering the wide waeriety of lecet ions 
within the Beeefert Sea where whales were obeerwed (Fig. 4). Weter-colems 
feeding wes inferred te have Gocurred very commonly ot geet lecetions where 
bowheeds were obeerwed, incleding shallow a6 well a8 deep sites. te addition, 
bowheeds if shallow waters of the Beaefo t Sea sometinns fed sear the bettoe 
or sear the surface. Whale sieee were rarely Getermined af the epecific tines 
end places where bebevier wee ebeerwed. Sowewer, the bewheads found ower the 
outer shelf end shelf break (ebeuet 30-500 @ deep) were predeminentiy large 
subeduite anf eéduite in the pears when photogrammetry projects were condected 
in theese areas. te coatrest, the bewheads feeding in shallow water were 
predeminentiy emell sebedeite (Reeki ef a1. 1988). 
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Thes, the whales ond whale ectivities ower and beyond the outer shelf of 
the Besefort Sea were siciler ia seweral ways to those ower the BE Trough at 
leabella Bey. Ia coatrast, the many obeerwations of whales feeding ia shallow 
waters of the Sesefort Ses hed so cownterpaerts at isabella Bay. For thir 
reason, the feeding whales considered ia this report were restricted to those 
feeding ia waters >30 deep, euclusive of mothers and calves (which were absent 
ot lteabella Bay). We alee eucleded whales thet, at the tine of observation, 
were engaged in active socializing, bottom feeding, or sear-surfece feeding. 
Whales thet were petestialliy disturbed by searbdy iedestrial activities were 
alee excleded (eee Methods). 


Application of these criteria reselted in gore directly comparable data 
from the east ond weet, although ot the expense of « great reduction in the 
semple sise for feeding bowheads ia the westera arctic. Ewen then, however, 
there were some differences ia the sitwations in which feeding bowheads were 
obeerved in the two regions. Feeding bowheads were observed at « wide range of 
times of day ia both regions (Teble 28). Bowewer, the majority (68%) of the 
eestere observations were ia early September, whereas in the weet aleoet ali 
obeervetions were in August (91%, Teble 24). Because of the gentler slope of 
the bettee in the Beaufort Sea, whales feeding in water >50 @ deep tended to 
be guch ferther from shore in the weet then ia the east (Teble 2C). Even after 
the observations is water (50 @ deep were encluded, depths at feeding 
locations were ore warieble in the Beaefort Sea then at Ieabelle Bey. tn the 
Besuefert Ses, there were similar euaberse of obeerwations ower 50-99 @ of 
weter, 100-250 @, end 250 @. At teabella Bey, sleoet all cases were over 
100-250 @ (Teble 20). lee cower seer feeding whales at leabella Bay wae alaoet 
always sere, whereas whales feeding in deep waters of the Beaufort often were 
im Light ice conditions (Teble 28). 


Besides these enaveideblie differences ia physical conditions at 
obeervation lecetions, there were aleo differences ia the typical suabers end 
ectivities of the whales present (Table 3). At lteabella Bay, feeding whales 
were gost coementy singletons (602) of pairs (31%). te the Beaufort, 
singletees were gore common (852) end peire auch lees commen (412). For this 
coaperioes, rales withia 5 bedy-leagthe of one enether were cownted a6 being 
members of the seme group. On « larger scale, the appronimete seaber of whales 
withia | be sewer exceeded 6 for the eyetemetic sbeerwations at leabella Bay, 
whereas it wes 7 of gore 612 of the time ia the Beaufort (Table 38). This 
seemingly large difference is prebebly set perticularly teportent fer the 
presest comperioone of feeding whales, since whales feeding in the water 
coleme seen te feed largely iedepeadentiy of one another beth at Leabella Bay 
ond in the Besefeort. 


Differences in overall eetivities were probably sere important a 
contounding fectors. te the Beaufort Sea, whales thet were classed a6 feeding 
oftes ietereiaed their feeding with tecel trewel of secialiaing (26% and 417 
of obeervetions, feepectively~-Table 3). Galy MI of the obeerwations of 
whales feeding i Geep water ia the Beaefort were of whalee whose general 
ectivity wee cleseed a6 feeding only, with ee trewel of secialiaiang. ta 
contrast, ot teabella Bey 932 of the obeerwations of feeding whales came free 
whales whose general ectivity wee classed a6 feeding only. Tt would have been 
Gesirebie te consider only the ‘feeding only’ cases. Sowewer, thie wae 
beprection| becouse, if deep waters of the wectere aretic, the senple of 
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*feediag only’ observations was too emsll te be esefel. Ae eoted later, 
sultiple regression enaliysis wes eased te take sccowst of the potentially 
confounding effects of east-west éiffereaces ia the treqeency of socializing 
or local travel by feeding whales. 


siv risons.-~-Several aspects of the behavior of whales 
feeding in deep water were similar ia the eastere ve. weetere erectic. te beth 
aress, swimming speeds while et the surface betwees feeding Gives were 
commonly sero, siow er soderete, ené rerely teet (Table 44). Cleese secial 
iaterections were very iatrequeent ia both arees. Passive ieterections ‘whales 
O body-length apart and perailel te one another) eccurred during only 12 of 
the surfeciags in the east and 32 in the weet (Table 48). Act we ieterect ions, 
in which the whales touched of oriented toward one seother af cleee renge, 
were care among feeding whales, and ‘6 any event these few canes wore onc loted 
from consideration. Aerial aectivitic* were “lee iefreqeeet is beth areas, 
occurring during only 32 of the curtecings in the eset end SE ie the weet 
(Table 4C). The flukes were common'+ .asised shows the surface ef the onset of 
a feeding dive in both areas, although the sample tice from the weetere eretic 
was too low for statistical analysis (Table 40).** 


There were highly significant eset-roet differences io the surfacing - 
respiration ~- dive cycles of bowheads feeding in deep water. Deretions of 
surfecings averaged 4.74 win in the east we. 1.66 @in ie the weet (PCO. 001, 
Table 11C). The 4.74 win walue is very long felative te the serfece times sot 
juot for feeding whales in the westera arctic, bet for aay other category of 
bowheaed in the western (or esastera) arctic. Simileriy, the geen sesber of 
respirations per surfacing was guech higher ia the essetere aeretic (17.3) thee 
in the west (6.9, PCO.001, Table 118). Again, the 17.3 figure fer feeding 
whales in the eastera erctic is @uech higher for eay other whale category in 
either the weet or the east. 


The iaterwals between seccessive blows were gore similer ie the eaet ond 
weet, evereging 16.9 we. 15.0 ©, feepectively. Bowewer, after « lLegerithwic 
treneformation te reduce the effects of rightward shew, eepecialiy ia the 
weeters date, the difference was significant (F°O.001, Teble tia). 


Durations of dives ia the essterc arctic alee tended te be greater thee 
theese for whales in »50 @ of water in the wesl. Sowewer, the difference wae 
only @erginaliy significant (0.05)97>0.01). The average dive Geretions were 
15.8 @ia ia the east we. Li.) @ie ia the weet (Table 110). 


Overall, the surfeciag~dive creles of whales feeding off teabella tay 
tended te be longer thes these for whales feeding i deep water of the 
Besufort Sea. Ae discussed earlier, these feselts probably geen thet bewheads 
were feediag deeper ia the water eelemwe off teadetia Bey Ceee 
"Reselte~-Peeding ot teabella Bey"). 


'S the lew cemple siee frome the weetere arctic ceeerred because the 
FLORES werieble wes set coded in 1980-82. Beet obeerwetions of weetere aretic 
bowheaeds deep water come Troe 198) 82. 


Table ll. Semmary statistics and comparisons for surfacing, respiration and dive wariables. 
"‘Westera Arctic Migration’ colueas iscledes LOL (1985-86) and BOSC (1963) date; see 
Table 17 for separate 1965-86 and 196) reseits. 


? vrepreseets ceeelte of sieple i-wey ABNOVA emong whale covegerics. E ve. © comperioons are beeed of 
t-tests. Weere the * epabel appears, the weriences differed end « aendified t-test oF AROVA Get eememing 
eousl weriences wee ened. 


oor F< 6.00! o 6.001 < F< 6.01 * 6.01 <P < 6.05 oo ? > 0.05 
testers Arctic Weetere Arctic 
Feeding Seciel VLecel Mig- Comper toe Feeding Secial Mig- Comper ison 
ie @eep) eh —otrewel)—so retion of teer ie @eep 8 6k ⏑ — ——— of three 
weter sllew ft eretic weter sllew ¥ erctic 
weter categories weter categories 


Nees 16.906 17.660 16.985 17.002 Fe 08 Meee 15.032 12.902 17.186 Fe 15.63 
> 3.667 11.4623 4.00? «606.006 «af © 3, 9? SD 13.289 7.106 0«6=— 7.472 at © 2, 801 
. yy $0 14s * es’ s i $75 ae eee 
Mie. 16 ’ 7? 7 Rie. a | ? 1 
Mon. 28.5 rv 32.3 ov) Men. 158 113 oe 
tw stwe!® oe" ne 
Loomar® 
Meee 1.219 1.209 7: ae eee Meee 1.106 1.073 1.9039 F © 357.28 F 
> 01 in 415 5S) at © 3, 1 so . 17 6) 04t © 2, 808 2 
re oe’ re ee (*)" eee 7 
* 
5. SER OF BLOWS PER SUEractoc i 
Neen 17.306 2.14) 4.06) 5.061 FF’ © 56.% Neon 6.092 4.505 6.50 FF’ @ 13.46 ⸗ 
2.706 3.52 «fe 3, 4? > 4.545 2.969 3.266 af © 2, 180 e 
. 23 35 si ” — 65 226 ” — . 
Hie. ‘ 0 0 0 Hie. " 0 i < 
Men. ; il is TT Nes. 9 3 T 
Ly oe re ee j 
Loowai® 
Meee 1.227 | . a) ane *—* Seon =. 810 — — 2 
. a — ee > 28 * 28 «f= 2, 1% 
cw ore ee’ ae oer * ee’ 
4 
Ss 
Coatiawed... 


Table 11 (Coacleded). 


Leetere arctic Weetere Arctic 
Feeting Social Lecel Mig- Comperieoe Feeting Seciel Miz- Comper isos 
ie @eep 06 oh —otrewel =o reetion of teer is @eep lf oh —ofetion of three 
weler sll E eretic weler sllew ¥ arctic 
wetter categories weter categories 


Hees 4.741 1.085 1. 1. r= 63.0 Rees 1.66) 1.128 1.600 F* © 16.0 
s i.7% 1.00 1.3 se 4t-}, 10 so 1.0 660 152 @f2¢2, 173 
. ot " is? % ⸗⸗⸗ ’ 7 2” “" 

fie. 1.03) 01? .033 017 fie. «133 -63) 033 

Mee. 8.98) 12.117 4.83) 3.517 Mee. 5.287 3.517 4.800 

‘ie (" lee’) ne 

Locsrc® 

Neen )8= 64 -. 175 -.015 rr’ = «45.3! Neen =. 108 ~,067 1M F © 11.07 
=> . mS 410 572 4t «3, 18) > 405 Ol @f2«2, 4 

iV ooo (*)" ooo eee 

BD. BURATICON GF DIVE (ein) 

Meee 15.799 1.609 7.323 9.330 r= «4,7? Meee 11.080 2.46 i“. F' © 35.40 
s 7.09) 1.6) 5.091 $.672 at- 3, ss ¢.%? 3.41? 8.455 <@f*+ 2, © 
J Pa) 45 iM 84 oe" J 4) Ty 42 oe" 

Rie. 2.05 4 52 1.03 Mie. 10 0 1.88 

Mee. 29.62 7,82 31.60 27.9% a. Ww. 17.9% 79.95 

tw . je*)® [eee y® 

Locsue* 

Meee 1.13) -%) 733 062 re 71 teen oO 0460 1.041 FF’ © 45.02 
ss «.21 ee 20 * af «3, 778 > «.%!I wi — | oe ee 

c/w jews? ee oe eee eee’ 


23 42 21 4 13 w 10 


* Hees + 6.4. for legeritheicelly transformed welues. Te the cose of sumber of blows per surfacing, for which 
the value wee cocesionsliy sere, LOOHRL « Legyg (BLOWS + 1). 

> Of the twe teats of entrensformed ond log treneformed dete, the one whose significance lewel is shown is 
brechets eppeered te be lees reliable beeed of the shapes of the dietribet iene. 

© = time ot surface eetimeted free ‘seen surface time’ divided by ‘ween serfece time’ + ‘ween diwe tine’ 
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Multivariate risonas.--In evalucting the biclogicel significance of 
the above differences, if is importest to assess whether they can be accounted 
for by differences ia the environmental situations of activities of the 
feeding whales. Whales feeding in deep water in the Beaufort Sea were farther 
offshore, and in a greater waeriety of water depths and ice cower conditions, 
then were those off Isabella Bay. The westera data were also collected 
slightly earlier in the summer. Furthermore, group sises and group activities 
of feeding whales differed somewhat between east and west. 


Relationships between these corollary wariables and the surfacing - 
respiration - diving behavior of feeding whales were examined by aultiple 
regression analysis. The general approach, slong with results for the eastern 
arctic, was presented and discussed earlier (see Table 5). Corresponding 
results for the western arctic are in Table 12. In the weet, surfacing - 
respiration ~- diving wariables of bowheads feeding in deep water vere sot 
strongly correlated with gost potential predictor variables. A major exceptions 
was the ‘Trewel + Feed" wariable. Western arctic bowheads that intersixzed 
local travel with feeding tended to have longer surfecings and dives, with 
sore blows per sarfecing, then did whales whose activity was recorded as 
"feeding only’ (P<0.001 in each case). Sowheads engaged ia ‘traveling + 
feeding’ contributed «a auch higher proportion of the ‘feeding’ data in the 
weet than in the east (26% we. 42, Teble 3C). Thus, we seed to allow for this 
difference when comparing surfacing - respiration - diving cycles in the 
eastern and western arctic. 


Table 13 compares the surfacing ~ respiration - diving cycles of bowheads 
in the eastern we. westera arctic before and after allowance for differences 
in these types of corollary variables. The top row of the table ss! we the 
significance of the east-west differences before allowance for corollary 
variables (simple correlation columns) and after such an allowance (partial 
correlation columns). The technique used was to merge the eastern and western 
arctic datasets, and to add «a ‘dummy’ predictor variable distinguishing 
eastera from western arctic cases. To test the aell hypothesis of so east-west 
4ifferesce ia whale behavior, we examined the significance of the partial 
correlation of the dependert (behavior) wariable with the dummy ‘east we. 
west’ wariable after allowance for partial correlatices with other predictor 
variables. 


The most importent reeult is that the duration of surfacing and aumber of 
blows per surfacing were highly significantly greater in the eastera arctic 
(nominal P<0.001) ewen after allowance ior the confounding effects of other 
variables. As expected, the ‘travel + feed’ effect discussed above was the 
most notable confounding veriable. When local travel was interspersed with 
feeding, as often occurred in the western arctic, surface times and number of 
blows per surfacing tended to be high. However, the partial correlation 
columns show that even after this effect was taken into account, surface times 
and the number of blows per surfacing were highly significantly greater in the 
eastero arctic then in the west. 


The east-west difference in blow intervals did not seem to be significant 
after the effects of other wariebles (mainly date) were taken into account. 
However, closer examination of the data shows that there almost certainly was 
a teal east-west difference in mean blow intervals. There was owerlap between 
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(>) foer serfecing, respiration ond dive wariabdles*: bowheads 


feeding ic deep (550 @) water in Geeters Arctic, 1981-1984. (Be suitable date is 


1980, 1983, 1985-86.) 


weriables we. 


Teble 12. Semmery of simple end pertial correlations betwees (4) environmental an¢ activity 
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the eastera end westera arctic field sessons, Set @ost eastern data were 
collected somewhat later then gost weetera date (Table 2A). Giwen this, gles 
the typically lerger geen blow iaterwals ia the eset, it is sot surprising 
thet there was 4 stromg positive correlation between sean blow interval and 
date when the easter and westers datasets were merged (Teble 13). There was 
eo significeat correlation between blow intervals end date when either the 
eastera or the westera arctic data were considered separately (Tables 5, /2). 
This strongly suggests thet the sean Slow interwal we. date correlations 
(simple end partial) in the pooled data represent an east-west difference 
rather then « real date effect. 


Dive durations ia the eastera arctic averaged somewhat longer then those 
in the weet, bet the diffe.ence was sot a8 significant as for the three 
surfacing and respiration wariables (Table 110). Multiple regression analysis 
failed to identify « significect east-west difference in dive times (Table 
13). 


sumnery -~“Bovneads feeding ia deep (550 @) water off Leabella Bay 
exhibited euch longer serfece times and aany sore blows per surfacing then did 
those feeding in deep waters of the Beaufort Sea. Multivariate analysis 
indicated thet these differences could sot be accounted for by differences in 
any of the seasured enviroomentsl wariables or whale activities. Thess, we 
conclude thet there were real east-west difference in these attributes of 
behavior. The eastern whales alee hed longer intervals between successive 
blows and longer dive durations, but the proportional differences were sot as 
large. The differesce ia geen blow interval was probably en actual east-west 
difference. The cause of the slight east-west difference in mean dive 
durations was encertain. 


An importest enknown factor is the actual depth to which the whale dove 
during each surfeciag~-diwe cycle. Ila gray and huepbeck whales, depth of dive 
is strongly and positively correlated with gost surfacing ~ respiration ~- dive 
variables (Wirsig et al. 19666; Dolphin 1967a,6). We suspect that an average 
feeding dive off leabella Bay was considerably deeper then an average feeding 
dive in the Beaufort Sea. Prey concentrations probably occur at greater 
average depths off leabella Bay. The evidence for this, and ite implications 
with regerd to the iaterpretetion of east-west differences ia behavior, are 
treated in the "Discussion", later. 


Seciolising Bovbeode 


Compereh tity ot fetes leabella Bay, gost of the socialiaing that was 
observe a dete wee ower the shallow ‘Leabella Bank’ close to the 
observation site (Fig. 6). Active social interactions were common, incleding 
considerable serial activity, feecous enderwater calling, end some obvious 
sexual interactions. Large subedult whales are beliewed to have been involved 
in most of the isterections among seall groupe of whales ower Ieabella Bank. 
In addition to these groupe of socializing whales at leabella Bank, 2-whale 
groups were gore widely dietribeted ia the Leabella Bay area. These ‘pairs’ 
are suspected to have consieted sainly of adult whales. 
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Socializing ia the Bessfort Sea occurred widely is both shallow and deep 
waters. Although boisterous isterections sisi'ter te these suted commonly ot 
leabella Bay were seen ia the Besefort, gost social isterections ia the letter 
area were lees d¢remetic. Whales ia shallow water were predeminestiy email 
subedults (et least ia the years whee eeasured), whereas those farther 
offshore tended to be predowinentiy larger sebedults ond adultes (Koski et al. 
1988). 


Based of previous analyses of westera arctic date a6 well a¢ preliginery 
analyses of eastern and western data Gering thie project, we expected thet 
most behaviors! weriables would be correlated with water depth. Moet 
observations of socializing whales at leabel'a Bay were in water (50 @ deep. 
Thes, for east-west comparisons of socializing bowheads, we consiéered only 
the whales in (50 @ of water. This criterion considerably reduced the sample 
site in the western arctic. Sonetheless the sample sise for ‘socializing 
bowheaeds in shallow waters of the weeterea arctic’ was larger then thet for eny 
of the other categories of whales in either the east or the weet (Table 11). A 
more detailed listing of the case selection criteria for socializing bowheads 
is given in the ‘Methods’ (p. 29). 


Even after restricting the data to observations in (50 @ of water, there 
were several differences in the circumstances where socializing bowheads were 
observed. In the west, 672 of the observations of socializing were is August 
and only 322 in September, whereas in the east the percentages were gore or 
less rewersed--40% and 602 (Table 2A). Given the east-west differences in 
bottom slope, almost all (992) of the eastern observations in (50 @ of water 
were of whales <4 te from shore. In contrast, 812 of the western observations 
were 4 ke offshore (Table 2C). Although a11 whales considered here were in 
(os ot water, depthe were lees variable ia the east then ia the weet. Ie the 
east S72 of the cases were in 10-19 @ of water and 43% in 20-49 @. Ie the weet 
103 of the observations were in (10 @, 262 in 10-19 @, and 63% in 20-49 « 
(Table 23). In both ereas, gost observations of socialiring bowheads were in 
ice-free water, and observations were widely distribeted throughout the 
daylight hours (Table 28,8). 


There were also some differences in the typical sumberse and activities of 
the whales present (Table 3). Growp sise (i.e. sumber of whales withia 5§ 
body-lengths) was eeually i-4 in both regions. However, it was sore commonly 
one in the weet (532 of observations) than in the east (28%). This was 
probably indicative of the lower intensity of social ectivity during aoet 
observation sessions in the western arctic. On the other head, the estiaated 
number of bowheads within | ke was esually greater in the weet. For example, 
the approxiaate suaber within | ke exceeded 5 only 32 of the time at leabella 
Bay, bet 792 of the time in the Beaufort Sea. 


Withia « given obeerwation session at Leabella Bay, whales classified as 
eocialiaing rerely iaterepersed their socializing with other activities such 
as locel travel or feeding. Io contrast, whales socializing in shallow waters 
of the Beaufort Sea were almost always beliewed to be feeding during part of 
the observation session (972 of cases; Table 3¢). This difference wight have 
importent ieplicetions with regard to expected surface and dive times, sunber 
of blows per surfacing, etc. Unfortunately, there were too few cases of wined 
socialiaing plus feeding ia the east, or of ‘pure socializing’ in the weet, to 
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pereit seperate ensiyees of these two sitestions. Whee bowheaeds ia the 
Besefort Sea interwiaed socializing with feeding, water-colems feeding was 
=ost common, bet sear-bottoe and sear-euerfaece feeding were occasionally seen 
(Table 3). 


Thes, there were considerable differences in the circumstances, sizes 
(ages) end ectiwities of bewheads socializing in shallow waters at Leabelle 
Bey ond ia the Seasefort Sea. It is importent to teke these differences inte 
eccoust insofar a6 possible while ewalestiag east-west differences ia 
behavior. Te some extent this can be done esing @ultiveriate sethods. However, 
some differences cannot be taken inate sccowst ia eny quentitetive way because 
of ineefficiest ewverlap between circumstances ia the eastera and westers 
erctic, or because of leck of information. For exemple, differences ia the 
predominest sises (ages) of the whales observed in the two regions cannot be 
treeted quentitetively because we leck information sbowt the sises of the 
individesl socialising whales whose behavior wes observed. 


— ee epee! foc .aligiog whales ia shallow water, 
frequenc oft severe vides! behaviors differed between the eastern and 
weetere arctic. (Ie contrast, for whales feeding ia deep water, there were few 
differences of these typee--see above.) In the east, set forward swimming 
speed was gost commonly recorded as sero (55% of cases), whereas in the weet 
it wes commonly sere, slow or soderate (20, 28 and 281, respectively; Table 
SA). Swieming speed was judged in 4 somewhat subjective fashion, with only 
limited overlap ie obeervers between east and weet.'’ Hence, these percentages 
probebiy ¢e sot warrant stetisetical comperiecon. However, they are suggestive 
of an east-west difference. 


Active social interactions occurred during similar percentages of the 
suerfecings in the two regions--202 in the east and 222 in the weet (Teble 48). 
However, ‘pessive’ interactions (whales ©) body length apart end parallel) 
were gore common in the east (272 ws. 52 of surfecings). Consequentiy, the ‘no 
active of passive iaterection this suerfeciag’ category wae lees common in the 
eost (532 we. 7223). Active social interactions often iavelwed serial 
activities in th. esstera arctic (e0et commonly flipper or teil slapping). 
This wee lees common in the weet. Owerall, serial 22 occurred during 
482 of the surfecings in the east we. 62 in the weet (chi* = 240, PC<O.001; 
Teble 4C). The 682 figure for bowheads socializing in the eastera arctic is « 
much higher walee then found for any other category of bowheads in either the 
east or the weet. 


Fleke-out dives were considerably sore common among socializing bowheads 
is llow waters of the westera arctic (482 of dives) than in the east (141; 
chit © 67, F<CO.001; Table 46D). The difference aay be related to the such 
greater free of water-colwen feeding interspersed with socializing in the 


ty aithoug) overlap between field observers in the east and weet was 
Limited, sumerical coding of the eastern data wae all either done of checked 
by individuals with observation experience ia both regions and coding 
experience ia the weet. 
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weet. Fleke-oet dives are common when whales are feeding io the water colum 
(Table 4D). 


All of the evaileble date on enderwater sounds of bowheads at lteabelia 
were cecoréed ia the presence of socializing whales (eee “Reeulte~-Socialicing 
at ltsebella Sey’ section, earlier). Ie coetrest, in the weetere arctic bewhesd 
sounds have been recorded in « wide weriety of lecetions end seasons, end 
during @ wariety of whale ectiwvities. The types and characteristics of moet 
bowhesd sounds ot Isabella Bay were wery similer te theese recorded ia the 
Westera Arctic, bet there were two exceptions. The enceptions iovelved 
hereonic (pulsed tone) calle aed CR-UNCH sownds. The bhereonic callie fro 
Isabella Bay ia late summer were auch longer (esuesliy 3-9 «&, Fig. 14) thee 
those from the westera arctic during spring or summer (typically i-2 6). The 
CR-UNCH sounds recorded at isabella Bay (Fig. 14) have sot been reported roe 
the weetera arctic during the epriag of summer. 


A third difference between the calle heard in the east and weet wae that 
pulsive, harmonic and high FH calle comprised gech higher preopertions of the 
calls et tsebella Bey (Table 14). Mech if sot all of thie difference was 
weadoubtedly attributable ts differences ia the activities of the whales rather 
then to eny regional effect. Most westera arctic date came from wigreting or 
feeding whales, which gost commonly emit simple FH calls. Bowewer, wery active 
social interactions occurred Guring two recording sessions ia the Beaufort Sea 


Table 14. Relative frequencies (2) of three classes of bowhead calle free Pr. 
Berrow, Alaska, during the epring g@igretion (C.¥. Clark, enpedl. 
date); frome the Cenedian Beaufort Sea in the summer during 
presumably endisturbed conditions (Wirsig et a1. 19656); and at 
Ieabella Bay ia the late summer (thie etedy). All scewstic enalyece 
aod call categoriaations were by C.¥. Clark. 


Pulsive 
Siaple FH Harmonic or Bigh 

PT. BARROW, SPRING 

1984 65.42 11.5% 1.27 

1985 7.7 15.9 6.4 

1986 76.8 13.5 10.4 
E BEAUFORT, SUMMER 

1980-8) “4.) 11.5 “.) 

1982 “4.9 5.6 9.5 

198) 73.1 17.0 9.9 

1984 86.1 10.2 4,7? 
ISABELLA BAY, LATE SOMMER 

1984-87 11.3 Si! 37.5 


* See Table 6 for aore details. 


Recelte--f we. © Comperioos 


dering the eummer of 1981. Ge thoee cocesions, only 242 of the 484 calle were 
sieple FH calle, 265 were were peleive or high PH (Hireig ot 
el. 1982, p. 113). These percestages were geck closer te these obverwed i the 
presence of actively secialiaing bewheatds ot leabelia Gey (iit, Sit, Bet, 
reepectively). Sewewer, etetieticael comperieee of these percestages is 
preobebiy set werrested beceese of the onsll suabere of recording seetione 
iewolwed (4 ie eaet, 2 ie weet). 


Beowheads socieliaing te shallow wetter e@bibited shert serfeciage end 
dives with few blows per eerfeciag. Thie wee tree te beth the esetere and the 
weeters erctic, Set the esetere walees were eopecialiy lew. The geen deret tone 
of serfeciags ia the east en¢ weet were si@ilier (1.2 we. t.t @ia, 
respectively). Sewewer, serfece times ie the eeetere eretic were highly 
shewed. Serfeciagse (30 «© long eccownted for 492 of the serfeciags ie the eset 
es opposed to only 24% in the weet (obi? © 17.4, PCO.001). Whee « logerithetc 
trensforestion wee esed te compensate for the shewing, the geen deretion of 
eurteciog ie the weetere arctic wee highly siguificeetiy greeter thee thet for 
the esst (P°*O.0T1, Teble i1C). Simileriy, the eeee ceeber of blows per 
serteciog wee higher ie the weet thee ie the eet (4.6 we. 2.1 Slows, 
surfacing, PCO.901, Table 118). The eeen dueretions of dives were low ie bert 
regione--2.7? eie in the weet ond 1.6 win in the eoet. The east-west difference 
was sot significant, besed of leg~treneforaed date (Table 110). One additions! 
Gitteresce between east anf weet wee thet seen ieterwele betwres fecceesive 
blews were shorter ia the weet (12.9 we. 17.7 oe) POO.O01, Table tia). 


Oversli, the surfeciag~-dive cycles of bewheeds socialiaing in ehellow 
water were short ia beth regions, bet especialiy ee eft teabella Bey. There 
alee were differences ie ewleming speed, calle, en@ frequeencios of social 
iaterections, serial ectivities, en¢ tlebe-eet dives. Tebee together, these 
queetitetive differences ia iedivides! seaseree of behavior indicate thet 
there were eatensive eest~weet differences ia bebevior eeeng whales 
eocialiaing te ehellew wetter, 


~~“Meltiveriate comperieene cen provide some 
informat the possible reasons for the ebeerwed eaetqweet ¢i fferences 
ie iedivides! behewviorel weriebles. te comperioos with leebella Bey, towheads 
socialiaing ie ehellew wetere of the Besefert See tended te be obeorved 
eerlier ia the season, farther free shore, en¢ ie gore werleble water depths. 
There alee were differences ie whale siees, group sieee, end the cocurrence of 
beterepersed activities, especially feeding. Possible effects of these 
differences on bebevier Gust be considered while evaluating the queetitetive 
differences between behowior in the eosters end weetere eretic. 


Factors affecting the serfeciag ~« teepiration « dive cycles of 
socieliaing the eeetere eretic were ewaloated ia Teble 7 and the 
seeociated teat. Each euerfeciag anf reepiretion waerieble wee etrongiy related 
te #6 gere thes one of two of the ageny weriebles considered. Serfece tines 
teaded te be higher e6 water depth isneressed (within the O- 50 @& renge 
considered). Sean Slew ieterwale teaded te be higher lLete ia the dey. Sunder 
of blews per serfeciag wee set etroengliy releted te ony of the seasered 
veriebles. te coaetreet, dive @eretions ot lteabella Bay were correlated with 
several iaterrelaeted environments! weriables, emf if wee set poeesible te 
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éetereine bow aeny of These correletions represented reel cowsel linhages (eee 
"Reeelte~-Gecieliaiog ot lteabella Baer"). 


Teble 13 presets corresponding ensliyees of the Gata of socializing 
whales ie shallow wetere of the weetere arctic. teeth of the three seeeereneets 
of suerfeciag ont reepiretion bed significant sieple correletions with several 
veriebles. For serfece *imes, the partial correlations with dete, time of dey 
ont cee stete were a1) significest (F°O.01). Bewewer, cumber of Slows per 
serteciag showed siguificest pertial correlation with eay other weriable after 
& correletion with é@ete wes teben iete sccowst. Seen blew interval showed 
sigeificest partial correlations with ses etete, group tice, end cocerrence of 
serial ectivity Goering the serfeciag. Deretions of diwes tended to be slightly 
longer lete ie the Gay. The eeviroumests! weriebles thet were significeetiy 
releteé te behevior ie the weetere eretic (Teble 15) were set the seme as 
these significeetiy releted te the correspeeding Geaseres of behavior in the 
eeetere eretico (Teble 7). 


The serfece tines off suember of blews per serfecing feeeined sotebiy 
lower ie the esetere eretic thes ie the weet ewen efter silewence for other 
eseasered woriablies (F°O.001, Table 16). Seen blew ieterwel, in coetrest, did 
set seem te be significeetiy bigher in the eset efter other weriebles (see 
stete, group tice, Gocerrence of serial ectivity) were concidered. This reeeit 
does set prowe the lect of « regions! difference ia blew iaterwals. Sewever, 
it @ee8 shew thet the sieple east-west difference ia blew ieterwele 
Gemonetrated earlier wight be «4 eperiouws freeelt of regions! differences in 
corellery weriebles thet aay affect blew ieterwalse. Diwe times di¢ sot differ 
significoestiy betwees regione in either « eniveriate or geultiveriate sense, 


"The behewlor of bewheads socisliaing ie ehallew water ((50 @) 
ot a bey differed ie several respects frome thet of bewheads eocialiaing 
is shallow wetere of the Beaufort See. At leabella Bey, ewimwing speeds tended 
te be lewer, serial eetivities were gech gore frequent, eff flube~out dives 
lees freqeeet. Certain enderwater sewnds slee differed. Serfece times were 
shorter et lteebelle Bey ond the suaber of blows per surfacing lower, eves 
efter sllewesce fer the effects of other weriebles. Sean blew ieterwale were 
lower ot leebelle Bey thee ie the weet. Sowewer, thie difference aay have been 
ettribeteble te regione! differences is some of the corellery eavirenmests! or 
whale activity werteblies. DBeretions of dives 414 sot differ significentiy 
betwen regions. 


The reeelte prewide clear ewidence of differences ia the behavior of 
eecialiaing bewheeds ie the toe etedy areas. Sowewer, One cannot secesserily 
coeclede thet the differences were attribetable te between~poepelat ion 
differences i eecieliaing behevier. The secieliaing bewheads observed at 
teebellea Bey were predeminentiy lerge sebedelte of edulte witheet calves, 
whereas these obeerwed ia the Beaefort were @eialy emseller sebedelte. 
Presestiy evalleble dete on secialiaing whales Ge set ellew a6 ewaluation of 
the relative sageitedes of population (eset-weet) differences ia behavior 
werees effects of whale sine, ape, Of reproductive etetes. 


Bech @ comperiees wight be peesible if dete were eveilaeble of the social 
behevior of the lerge whales, Geet without calwes, thet summer ia Freekiia Bay 
(Keoki et al. 1988). Preskiia Bey ie leceted eset of Cape Betheret, just eaet 
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Table 15. Geamery of sieple end partial correlations Setween (4) environmental and 
ectiwity weriebles we. (6) four surfacing, respiration and dive 
wariables*: bewhbeeds socialising in shallow (©50 &) water is Westers 
Aretic, 1980-1986. (Be suitable date ta 1982.) 
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Table 16. Comparison of the surfacing, respiration and diving behavior of 
socialising bowheads in the eastere end westere arctic after 
sllowarce for effects of environmental wariables and whale 


activities. 
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of the area mapped on Fig. 4. That group of western arctic bowheads appears to 
be sisiler, et leact ia size composition and with respect to the scarcity of 
calwes, to the group of eastera arctic bowheads occurring at Isabella Bay. 
Vcfortenately, there has been so opportunity to collect systematic date on the 
behavior of the large bowheads summering ia Frenklio Bay. 


Migcetiag Bovheode 


erates of Pate--is the eastern arctic, most observations of 
migrating s were from Cape Adair in 1979. A few additional data on 
sigrents passing Isabella Bay were collected in 1986. These whales were 
traveling consistently southward within i$ ke of shore, mainly during early 
October. Ice cover was always less than 10%, and the majority of the migrating 
whales were observed in the afternoon (722 from 12:00-17:59). Water depths at 
the locations of the whales passing Cape Adair were sot det rmined. The few 
migrants passing leabella Bay were in « wide variety of water depths (Table 
2). 


In the western arctic, observations of whales that were actively 
traveling west were obtained in the Alaskan Beaufort Sea during sid-late 
September 1983 (NOSC data) and during late September and early October of 
1985-86 (LOL data). In 1985-86, ice cower was usually <10%, but occasionally 
10-29%. In 1983, ice cower was almost always 60-902 (Table 26). As in the 
eastera arctic, the gajority of the obserwations of migrating whales were in 
the afternoon (782 from 12:00-17:59). Most migrating whales were in water 
20-49 @ deep 20-80 ke from shore (Table 2). 


Thes, the dates and tises of observations were quite similar ia the 
eastern and westera arctic, a8 were the majority of the physical conditions on 
occasions when sigrants were seen. The two gajor exceptions were distance frou 
shore and ice cover. (1) Migration occurred <1} tke frome shore in th east but 
mainly ower the widdle-shelf region 20-80 ke offshore ia the west. However, 
because of the steeper bottom slope in the east, water depths at observation 
locations were sisilar ia the east and west. Bo depth criterion was applied to 
restrict the observations considered in the analyses of a@igrating bowheads. 
(2) lee cover was sero or Light in the east and in 1985-86 in the west, but 
was heavy in 198) in the weet. 


The general activities and group sizes of the migrating bowheads observed 
in the two regions were aleo quite similer. Ia both regions, sost whales were 
singletons, i.e. so other bowhead within 5 whale lengths, and the remainder 
were peice or triples (Teble 3A). However, the estimated number of whales 
withia « | ke redivs around the focal whale did not exceed 3} in the eastera 
arctic, but often did so in the weet (Table 38). In both regions, the only 
whales considered in the analysis were those whose group activity was 
identified as ‘wigration only’ (eee lLiet of selection criteria in ‘Methods'). 


Another importent similarity was in the sise and age composition of the 
sigrating whales. Whales @igrating south along the coast of Baffin Leland past 
Cape Adair and isabella Bay are suspected to include most of the emaller 
subeduits in that population, a6 well a8 gost sothers with calves and some 
other edulte (see Iatroduction). This is « similar ix of individuals as has 
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been observed and measured via photogrammetry during sigration through the 
Alaskan Seaufort Sea (Koski and Johnson 1987; Richardson et al. 19876). 


Thus, the observations of migrating bowheads in the two regions appeared 
to be generally comparable, with the exception of the ‘distance from shore’, 
‘ice cover’, and ‘aueber of whales withia | km" wariables. Given the 
similerities in the types and activities of the migrating whales observed in 
the two regions, there was less potential for confounding by environmental and 
other differences than was the case for bowheads feeding in deep water or, 
especially, those socializing ia shallow water. 


ee ee behavior of migrating bowheads in the two 
regions was sisilar in gost respects. In both areas, gost individuals traveled 
steadily in a single direction, typically southeast or south parallel to the 
coast of Baffin Islend, and west or sorthwest parallel to the coast (but 
farther offshore) in the Alaskan Beaufort Sea. Travel speeds in the eastern 
arctic were seasured by theodolite or ‘time and distance’ sethods. The usual 
swimming speed in the east was 5-6 ka/hr; a southward-flowing current 
accounted for as auch as 1 ka/hr of this (see ‘Resulte--Migration in E 
Arctic’, p. 68). In the western arctic, travel speeds have been estimated via 
‘time and distance’ in « wariety of autumn studies and via theodolite at Point 
Barrow ia spring. Estimates of migration speeds there were comparable to those 
in the eastern arctic. 


Social interactions and serial activity were infrequent during sigration 
in both the eastern and western arctic (Table 4). Fluke-out dives appeared to 
be gore common during migration in the east than in the west (582 ws. 272 of 
all dives, chi? « 13.68, at = 1, PXO.001, Table 4D). However, sample sires 
were emall, and the sumber of different individual whales contributing to the 
semples was even emaller, #0 this result @ust be treated with some caution 
(Machlis et al. 1985). 


Westera Arctic, 1983 we. 1985-86: Before comparing surfacing, respiration 
and dive variables for migrating bowheads in the eastern vs. western arctic, 
we first compared these wariables for western arctic whales observed by NOSC 
in 1963 (heavy ice cower) we. LGL in 1985-86 (little or ao ice). Mean blow 
intervals and auaber of blows per surfacing did not differ appreciably from 
1983 to 1985-86 (Table 17A,8). Durations of surfacing averaged slightly 
shorter in 1963 than in 1965-66; the difference was at most only marginally 
significant (Table 17C). 


Dive duration was the one variable that did differ markedly in the 
Alaskan Beaufort Sea between 196) (mean 5.48 win) and 1985-86 (wean 18.19 win; 
P<O.001). Whether this difference was real or artefactwal is sot known. The 
consistently heavy ice cower in the Alaskan Beaufort during 1963 (Table 28) 
may have resulted in shorter dives during the periods while whales were 
observable in relatively open ereas. We speculate thet longer bet enmeasured 
dives away have occurred in 198) while the whales trawersed areas of heavier 
ice separating the gore open areas where they could be obserwed. Aleo, the 
larger sueber of whales within | ke during aany of the 1983 observation 
sessions then in 1985-66 (Table 38) could also hawe tended to reduce the 
apparent dive durations ia 198). When the aumber of whales in the area 
increases, it becomes @ore difficult to reideatify whales after long dives, 


Table 17. Surfacing, respiration and dive wariebles for undisturbed bowheads migrating west in the Beaefort 
Sea in September-October of 1985-86 (LOL deta) and Septesber 1983 (enpubl. BOSC data, from study of 
Ljwngbled et al. 19846). Mothers end calwes are excloded. Valees gives ore mean + 6.4. and, is 


parentheses, sinigus end eaximum. Mean + 6.4. weloes are given for logerithwically transformed date 
os well as date per se. 


LoL wos 1985-86 we. 198) 1963/65/% 
1s. 198) Comper ison* Comb i ned 
A. Meee Blew leterwel (+) 
per e 17.0 + 4.95 a * 45 17.2 «+ 6.0 *s * 10) t* = 6.19 oe v.22 7.47 of 48 
(9-39) (}-68) at- inh (3-68) 
Log"! 1.22 ¢ 0.112 aw © 45 1.20 + 0.184 «© 103 t* « 6.77 ne 1.20 ¢ 0.17 a © 148 
af = 133 
BS. Guuber of Slewse per Serfeciag 
per rte}. s2° si-¢3.33 a 43 t* 1.32 ne 6.5 ¢ 3.27 s* 7) 
(i-i3) {i-t4) af 7 (i-14) 
Leg (®BL+!)) 0.87 + 0.2% «a 0.00 + 0.213 «© 4) te i.i? ne 6.8) + 0.219 a © 73 
af « 71 
C. Beretion of Serfeciag (ein) ‘ 
per e 1% 21.0} a © 3 13+ 0.8 ae t* 2.0% . 1.668¢0.95 a 78 = 
(0.03-4.80) (0.03-3.73) at- % (0.03-4.80) + 
Log SPC 0.16 +04? 2° 0.08 + 0.35 a t* 0.8) ne 11+ 0.40 a 8 
at- — « 
F 
DB. Bereticoe of Diwe (wie) * 
per & 6.19 +6.6) of 5.48 + 4.97 a i? t°3.99 oe 4.4% + 8.46 8 © 42 
(1.69-"*, 95) (1. 90-19..32) ‘t+ 4 (1. 90-F9.95) 
Logsv8 1.212625 o© 30 0.6220.93 e° 2 t* 6.37) | he OL 4? = 
“a+ 3 
e 


* c’ ie t-teet e¢jeeted eeck thet eeeume egee!l popeletion weriences. 
ae Geane 70.1; * aeons 0.052790.01; ©** aeons PCO.001. 
7 ⸗ 
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thereby causing « bias against the long dives. Whatewer the reason, observed 
dive durations by bowheads sigrating through the Alaskan Beaufort ia 198) 
tended to be auch shorter then those in 1985-66. Hence, comparisons of pooled 
Beaufort Sea data on dive durations by migrating whales versus corresponding 
eastera arctic data need to be treated with caution. 


Eestere ws. Westere Arctic: In contrast to the results for feeding and 
socializing bowheads, surfacing and respiration parameters were similar for 
migrating whales in the two regions (Table 11). The mean sumber of blows per 
surfacing was 6.0 in the east and 6.5 in the west (t © 1.03, df = 147, P>0.1). 
The sean blow intervals in the two regions were aleost identical (17.1 «6 is 
east ve. 17.2 © in west). Likewise, the mean duration of surfacing was siniler 
in the two areas: 1.5 gia ian the east and 1.7 sin in the west (t = 1.38, df = 
167, P>0.1). The 21.13 and non-significant difference in mean surface tines of 
migrating whales between east and west was quch less then the corresponding 
ape for ” ~ ee whales (22.85, P<0O.001) of socializing whales 
(x2.66'8, »<o.001!9 


Duration of dive was the wariable that differed gost between east and 
weet. The sean dive times were 9.3 win in the east and 14.6 win in the weet 
(Table 11D; ¢ = 2.63'9, af © 124, PCO.01). As noted above, dive times in the 
westera arctic were longer in 1985-66 (little or no ice) then in 1983 (auch 
ice). Since there was little or ao ice sear the wigrating whales observed in 
the east, the 198) westera arctic data perhaps should be excluded. If this is 
done, the east-west difference becomes even greater; the sean ot times then 
are 9.3 win in the east and 18.2 win in the weet (t' = 5.67'9, af © 73, 
P<O.001). The east-west difference in dive durations was eore pronounced 
(a1.56 incleding 196) date; 21.95 excluding thea) then that in surface tines 
(al.13). As « result, the percentage of time spent at the surface during 
migration was lower in the west than in the east (102 we. 142). In both areas, 
the whales were at the surface for « emaller percentage of the time during 
migration then during any of the other ectivities examined (Table LIE). The 
low percentage of time spent et the surface during @igration through the 
Alaskan Beaufort Sea has been noted previously (Freaker et a1. 1985; Richardson 
et al. 19876, p. 300). 


sad atest s _ospatiscne: ise relationships between environmental 
variables the surfacing ~ respiration ~- dive cycles of bowheads migrating 
in the eastera arctic were shown in Table 10 and discussed in teat adjacent to 
thet teble. Surfecings and dives both tended to be short when sea state was 
high. Surfecings were longer for bowheads sigrating ia groups then for 
singletons. The suaber of blows per surfacing tended to be reduced late in the 
season, and sean blow intervals were somewhat longer late ia the season (Table 
10). 


18 back-trensformed geen LOCSFC (Table 1ic). 


19 Based on log-transformed data (LOCSFC or LocuS). 
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Westere Arctic: Corresponding asnalyses for migrating bowheads in the 
Alaskes Seasefort Sea are summarized ia Table 18. Sewersal different 
environmental and group sice wariebles appeared to be related to one of sore 
of the behavioral weriables. However, seuple sices were low ia relation to the 
nuaber of predictor waeriables (15) thet were considered: 30-9) cases, 
depending on the dependent wariable being analysed. Thes, the results of the 
multiple regression analyses of behavior during sigraetion ia the westers 
erctic ere teatetive. In the case of dive durations, for which «a © WO, the 
@ultiple regression results should probably be ignored because of the very 
omall sample size. 


Restere we. Weetere Arctic: Table 19 shows the results of agultiveriate 
analyses to assess whether surfacing, respiration and dive wariables for 
migrating bowheeds differed between the eastern and western populations after 
allowance for sine potentially confounding wariables. Semple sizes were 
adequate for all four surfacing, respiration and dive variables. 


There was so evidence of significant east-west differences in sunber of 
blows per surfacing, sean blow interval or duration of surfacing by sigrating 
bowheads. This wee true ia both « eniveriate sense (Table 114.8) and after 
allowance for several potential confounding variables (Table 19). 


Durations of dives tended to be considerably longer for wigrating whales 
in the weetera erctic then ia the east (P*0O.001, Teble 110). The aultiple 
regression approach suggested thet this difference was sot significant after 
allowance for correlations with several environmental and whale activity 
variables (Table 19). However, gore detailed examination of the stepwise 
multiple regression results showed thet the analysie could set reliably 
detereine whether dive dGurations differed between the eastern and westera 
arctic after allowance for other veriables?®, 


20 Inspection of the step-by-step results showed that the partial 
correlations with the East-West dummy weriable became son-significent whee the 
Dete* tere wes teken inte eccownt. Dive durations tended te decrease a8 the 
sutwuen progressed in the eastera arctic (Table 10), the weetera arctic (Table 
18), end both ereas pooled (Table 19). Theses, it is likely thet dive duration 
is directly related to date. However, it is possible that part of the apparent 
date effect on dive durations in the pooled data (Table 19) was actually the 
result of an east-west difference in dive durations. Because Gost observations 
of migrating whales were ia late September ia the weet end early October in 
the east (Table 24), the date and east-west wariables were etrongly 
ieterrelated. The @ultiple regression analysis could sot distinguish any east~ 
weet difference that way exiet from the date effect. 


Thess, the apparent leck of « significant esst-weet difference after 
sllowence for other weriebles is set conclusive. One possibility is thet the 
strong eniveriate difference in dive times between the east (ehorter dives) 
end weet (longer) is en ertefect of the tendency for dives te become shorter 
late if the eetemn. Alternatively, the leck of @ significant esst-weet 
difference after allowing for date effects way be an artefact of the 
iaterrelationship of date end dive time, and the inability of eny analysis 
procedure te seperate their effects. 
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for effects of enviroumental wariables end whale activities. 


migrating bowheeds in the casters and weeters arctic after 4) lowance 


Table 19. Comparison of the surfacing, respiration and diving behavior of 


Pertce: 


Semple) |= Pert el Sempie 


= Pertee! 


m in 7 . 


iit 


ifs 


a32i 


ibe 


‘ih 


ek 
” 


eretieter vervebles ere coverdere@ bere Thie ol bewed cee leeioe of 


oorreler 
—** 
arene 
Connie 
eet) | een ee ⸗ 
ioe * 1, | Sept © — ————— 


rerage see 
i, ie 


Gute eoeverses Ge Gestfic Geontess Ties be Geers ond Gevtesl Geers. Gil te Gectese 


or Ht 
i 
A quel 


Resulte--£ ve. @ Comparisons 95 


Some other potentially confounding environmental aad whale activity 
variables were omitted from these four gultiple regression analyses because 
their valees were sot kaown for significant {rections of the cases. These 
eéditional waeriables included sea state, distance frome shore, water depth, 
speed of e@otion, and occurrence of turns, social interactions and pre-dive 
"flukes owt’. Residuals from each of the four multiple regression analyses 
were plotted against these seven edditionsl waeriables considering only the 
cases where the additional wariables were known. These plots indicated thet 
none of the four surfacing, respiration and dive wariables that we analyzed 
was appreciably related to any of the seven additional wariables. Thes, the 
exclusion of those weriables from the formal qultiple regression analyses did 
not affect the evaluation of possible east-west differences in behavior. 


Summary. ~The physical situations, ectivities, behavior and (presumed) 
age composition of migrating bowheads observed in the eastern and westera 
arctic were similar ia many respects. The asin difference in circumstances was 
thet sost sigrents observed in the west were auch farther offshore, although 
water depths aay have been comparable. Aleo, sigratiag whales observed in the 
east were ia light or sero ice conditions, whereas those observed in the west 
were in widely variable ice conditions; heavy ian 198) but light or sero in 
1985-86. In both regions, group sizes were generally | of 2, and there was 
little socializing or serial behavior. Fluke-out dives seemed to be sore 
common in the east. 


Dive durations averaged significantly longer ia the weet then in the east 
(P<O.001), whereas surface times were sot significantly different. Ae « 
result, bowheads were at the surface for « lower percentage of the time in the 
weet (102 we. 143). Im both areas, bowheads were at the surface for « emaller 
proportion of tiee during @igtation then during the other ectivities thet were 
studied. The sumber of blows per surfacing and the aean blow interval were 
similer in the east and weet. 


Overall, the behavior of sigreting bowheads in the eastern and westers 
arctic was @ore sisiler then was the case for either feeding or socializing 
bowheads. Wowever, there was @ highly significant differesce ia dive 
durations, especially when the comparison was restricted to sere of Light ice 
situations. As discussed above, there is some dowbt a6 to whether this 
difference represented « real east-west difference in diving behavior or an 
artefact essociated with the tendency for dives to become shorter late in the 
sutwuen. The frequency of fluke~out dives may alee have differed between east 
and weet. 


Comparison of Reactions to Bumen Activities 


The primary objective of Phase | of this stedy wee to determine whether 
there ere differences in the ‘sormal’ behavior of eas ern and weetera arctic 
bowheads. These, all of the analyses discussed previously were based on 
observations of bewheeds that were euposed te eny obvious source of 
potential man-made disturbance at the tige of the observations. A weriety of 
regional differences in behavior have been identified in the preceding 
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section. The purpose of Phase 2 of the project, which is being conducted is 
1989. is te determine whether some of theese differences con be secribed to 
leag-tere cheages is bowbesd bebevior ie response to the cumeletive effects of 
bemee ectivities ia the weetere erctic. 


Ia iaterpretiag the poesible loag-tere effects of disterbeace ia the 
eastera end westere arctic, it would be belpfel te kaow whether there is any 
evideace that bowhesds of the two populations exhibit differences in their 
short-tere respoeses to bomen ectivities. For westere arctic bowheeds, dete 
exist regerding the short-tere reactions te ships, sircraft, seiemic weesels, 
érillehips and dredging (Richardson et ol. 1965e,6, 1966, MB; Liengbled et «1. 
1965, 1968; Koski end Jobeson 1987). Ia each case, there are lisited 
euperiaests! reselts o¢ well #6 oppertemietic obeerwations of reactions of 
whales te ectwsl disturbesce incidents. Sowewer, for the eastera arctic 
bowheaeds, there are only « few opportenistic observations of responses to 
sircratt end sotorbosts (Degertdl and Freechen 1935; Finley et a1. 1966; 
Finley 1967). These, sircreft end soterbests are the only disturbance sources 
for which « comparison of disturbance reactions in the eastera a04 westers 
arctic can be etteapted. 


~-~~Bteam-powered whaleships began operating ia the Dewis 
Streit * ares in 185%. Bowever, during the 18700 the ships remsined 
fully rigged for sailing because “The Greenland whale, with ite acute hearing 
especially while ender water, gede the working of engines of the fishing 
grounds impossible if whales were to be approached, these the fishing wae 
always carried out entirely ender oii” (Lebbock 1937, ». 401). 


Degertél and Freechen (1935) indicated thet eastera arctic bewheads in 
werthersn Bedeon Bay were wery sensitive te @eterboaets in L923: ‘sce @ 
[bowheed) whale ageia came inte the [Repulse Bay) harbour, bet seen tersed ehy 
and fled whee «4 gotorbost was etarted. [Five days later) « whale ia Repulee 
Bey, once eore (was) frightened away by the thedding of «2 motorboat, al though 
it wes eo fer ewey thet it could sot possibly have heard it." The letter 
sentence of the quotetion is internally inconsistest, bet one would expect « 
motorboat te be detectable qeckh farther eway wie eaderwater sowed thee vie any 
other sensory sodslity. Degerddédl end Freech+a prowided se seéditional 
information sbout the readies of responsiveness of type of eotorboet. 


Obeervations at teabellia Bay, Baffin telend, ia 1984-8) prewided 
eéditions! iafereation shout the sensitivity of esstera arctic bewheads to 
motorbosts (Fisley et ol. 1966; Fisley 1967 end wnpebl.). leabelle Bay is 
remote roe gost human end industrial ectivities during the opee-water season. 
The difficulty of beat trewel slong the exposed coast and lack of hunting 
oppoertenities hewe discouraged eee of the ares by heaters [roe the seareet 
communities, which ere Clee (ebout 110 te by see te the seorth) or Sroaghtoe 
Isleed (about 250 be south). However, heaters w'th cutboerd-pewered (75-110 
hp) beats cccesionsl’s visited the study comp end caused some reactions by 
bowheeds. [tn 1965 av’ 1986, poor weather end high see states curtailed beat 
trewel end the camp wee visited only by @ Single party of hueters in each 
yeet. ta 1964 end 1967, trewelliag conditions were agore tavereble, end the 
comp wee wisited by af geny a6 five different perties of heaters. Beaters 
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esesliy etteapted te freetrict their peetiang activities whee whales were 
present. Gowewer, this wee sot always possible, and some interactions betwees 
soteorbosts and bowheads were observed. 


The best documented case occurted of 26 August 1985 whes «4 ‘Sunter 
departed (roe camp is «4 Do-hp /.5-a boat and travelled toward « single bowhesd 
on lsebella Beak (Fig. 16). Although there were too few date on surfacing — 
respiration ~- diving cycles to werrent sumericel enalysis, the sequential 
theodelite date provided iaforaation «' distances and speeds of trevel. For 
40 wie prier te the boat's departure t hale hed remsined in one position is 
shallew (12 @) water, frequentiy «cling end sebeerging. When the boat 
departed trom shore at « renge of 3.7 be, the whale subeerged and soved 
éirectiy away. During ite firet dive the whale trewelled 0.75 be at « speed of 
7.7 um/h. Ae the boat approached (at «2 speed of 39 bash) to ite closest point 
of approech within 2 te of the whale, it endertock «a long (1.8 be) dive at « 
speed of 10.3 bash. This wae the feetest documented speed of any whale at 
leabellia Bey, eboet dowble the sores! trewelling speed. The whele's course 
weered to ite left a6 the boat passed on the right (Fig. 18). Whee the boat 
stepped at « poiet 4.2 te frome the whale, the whale's aowement slowed te 3.7 
me/h. Whee the boat resumed travelling ot sbowt 11:55, the whale’s speed 
iscressed to 6.2 ta/h. Dering tuis leet dive the whale trewelled the 
remertebiy long distence of 2.2 te enderweter. The whale contiawed te veer 
lett, eway from the boat (Fig. 18). 


Similer strong eveidence reactions caused by rapidly sowing beste were 
obeerved opportenisticalliy froe the beats of two other occasions. Twice during 
trewel between Clyde Ialet end leabella Bay bowheads were encountered close to 
shore in water (20 @ deep. Ia one of these cases the boat passed 7 different 
whales. The whales were first seen ebowt i+? be ahead of the boat, sowing 
repidly eway pereliel te shore. The renge when they firet eterted te ewie away 
wee sot keown. Their rapid — wee evident free strong wepwellingst. Ae the 
beet came shbreset of the whales about | be free shore, theese inshore reversed 
direction and then appeared te slew down of stop. The two whales “hat were on 
the seaward side 414 fot appear te react a6 strongly a6 these on the shorewaerd 
side. One of the ‘seaward’ animale reversed direction as the boat approached 
withia 300 @ end surfaced 100 @ behind the beet, firet fecing it and then 
moving slowly toward shore. 


On the seceed cccesion, the beat overtook « pair of whales thet were 
moving south (presumably sigratiag) withia | be of shore. The passage of the 
beset ceused thee te rewerse direction. Sewever it appeared thet their 
migretion wes only briefly Leterrepted as two whales (presumed te be the sane 
iedividesi«s) appeared at Cape Baper at «4 tine coasietent with their seesered 
rete of gevement pest the obeerwetion site (6.7 bash). 


Bowheads were alte encountered dering sooplenttosn sampling cruises ia the 
deep (7700 @) waters of the SE Trough off leabella Bay. The beat wee powered 
by «@ 9 hp cutboard engine, either operating iatersittestiy at slew speeds 
(esesliiy ©) tes) of stepped. The whales appeared wary of the beat, seldoe 
appreechiag cleser thee 300-3500 @. Bowewer, they coetiaved te wadertebe 
fleke~ouet divee while the beet operated siewly ia the feeding area. These 
obeervetions afe consistent with earlier evidence thet bewheaeds a0¢ other 
baleen whalee ere Geet sensitive te weeeele thet gewe frepidiy e0¢ cheege 


Reselte--£ we. Y Comparison 98 


Figure 18. Treck of @ single bewheed showing response te an out board-powered 
beset os 26 August 1965 ot leabella Bey. Lerger-type cuabere are 
speeds (he/h); emaller-type cuebers are times. (Frome Fisaler et 
al. 1986). 
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course and speed, and less sensitive to wessele thet trawel slowly ia « 
consistest pettera (see review by Richardson et a1. 1983 and bowhead data in 
Richardson et al. 1985e,6). 


* Arctic.--Im the westere arctic, it is well known that bowheads 
ere sensitive to outboard gotor soise. This is one of the reasons that the 
opring bent is still conducted without using sotors on the boasts. Detailed 
observations of the reactions of bowheads to outboard-powered boats have sot 
been made. However, incidental observations were made of single redio-tagging 
attempts via sotorboats in each of 1960, 1965 and 1986. By the time that the 
motorboat hed approeched to within 500 «=, the whales were swimming rapidly 
avay, changing course to avoid the approeching boat (¥.J. Richardson and 5. 
Wirsig, enpubl. data). 


More extensive and systematic observations have been made of the 
reactions of bowheads to emall diesel-powered vessels in the Canadian and 
Alaskan Beaufort Sea (Richardson et a1. 19654,6; Thomson and Richardson 1987). 
Among other observations, there were four controlled disturbance tests with 
the l}-e llS-hp diesel-powered ‘Sequel’, whose underwater sound is dowinated 
by components at and sbhowe 400 Hz (Greene 1965, p. 224; Miles et al. 1987, ». 
225ff). Bowheads oriented randoaly when ‘Sequel’ was >4 ke away, but tended to 

away trom the boat when it was enderway 2-4 ke way (70.05) ofr (2 ke away 
(P<O.005). Significantly eore of the bowheads goved at moderate or fast speed 
when the boast was within 4 ke (PCO.001). Considering all tests and all whales 
together, the increase in speeds was already evident when the boat was 2-4 ka 
away (70.05), end was especially evident when the boast was within 2 ke 
(P<O.001). However, sensitivity waried among individuals; some reacted when 
the boat was still esbouwt 4 ke away; others allowed it to approach to | or 2 ke 
before they began swimming rapidly. Whee a0 approaching boat was within 4 ka, 
surfac'ags tended to be short (P<0.01) and there were unusually few 
respirations per surfacing (P<0.02, Richardson et a1. 1985b). 


‘Sequel’ hes alee been esed to sample sooplankton sear bowhead whales 
(Griffiths and Bechanen 1962; Bredetreet and Fiesel 1987). During sooplenkton 
tows, the bost soreslly mowed on a steady course at slow speed. In addition, 
on several occasions ‘Sequel’ approached bowheads slowly ia order to get close 
enough for subsequent enderwater sound playbeck tests. During some of these 
sooplenkton sampling efforts and slow-speed approeches, whale behavior was 
observed from a circling aircraft as well as from the boat iteelf. In general, 
bowheads reacted considerably less strongly to ‘Sequel’ when it was moving 
slowly while 4oing sooplenkton tows of attempting to approach whales than when 
it moved rapidly toward whales during disturbance tests. However, bowheads 1-2 
ke sheed of ‘Sequel’ sometines ewan away even when the boat approached at 
idling speed, about 5 ka/h. Our subjective impression is that swimming speeds 
when bowheads were avoiding the slow-moving boat were slower than those whee 
they avoided « rapidly~approaching boat. 


During slow-speed sooplankton sampling with another l)-e boat, bowheads 
exhibited strong avoidance reactions and were displaced by evveral kilometers. 
The bost involved in these obserwations, ‘Annika Marie’, hed engines with 
about four times a6 auch power as ‘Sequel’ (436 we. 115 ho). Although this 
boast displaced feeding bowheads, repeated photography of individually 
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recognizable animals rewealed that at least some of the whales returned to the 
feeding area after the boat hed left (p. 475 in Thomson and Richardson 1987). 


In summary, bowheads reacted strongly to boats in both the eastern and 
the westera arctic. In both regions, bowheads swam rapidly away when boats 
approached at high speed, sometimes when the distance was as great as 4 kn. In 
both regions, reactions to slow-moving boats were less dramatic but avoidance 
was still ewident. There was evidence from both areas that bowheads often 
resume their sormal activities soon after fleeing from an approaching 
bost--withia $-1 br on at least some occasions. More detailed comparisons of 
reactions to boats in the two regions are sot possible because the data are 
limited and because the observation procedures and types of boats were 
different. Wowever, available information suggests that sensitivity to emall 
vessels is similer in the two regions. 


Shipe 


Larger ocean-going vessels were seldom seen during the five-year study at 
Isabella Bay. Commercial freighters were seen on four different occasions (10 
Sept 1965, 21 Sept 1986, 7 and 13 Sept 1987), but all of them passed south at 
least 30 km offshore. On all of these occasions bowheads were present, but it 
was sometiaes equivocal whether they showed responses to the distant vessels. 


On 10 Sept 19865, about 37 bowheads were over or sear Isabella Bank when « 
freighter was seen. Although aany of the whales were engaged in social 
activities throughout the ship's passage, two whales were observed moving 
rapidly southward along the outer coast, possibly in response. 


On 13 Sept 1987 «2 passing ship was observed between 09:30 and 12:45 an 
estimated 30-40 ke offshore. It was clearly audible at 10:30 in air (cale at 
the time) as it passed due east of the observation site >30 ke offshore. 
Presumably it was also audible usderwater, although there was so confirmation 
of this. At about the same time, at least 11 different bowheeds moved strongly 
into Isabella Bay along its southern coast. This westward sovement continued 
ontil et least 13:00. It is wencertain whether the whales reacted to the ship 
or simply undertook a coordinated sovement as a herd. 


On two other occasions, « single bowhead and a pair of bowheads feeding 
7-9 ke offshore in the WE Trough showed no apparent response as ships passed. 
The whales continued to undertake fluke-out dives during and after the passage 
of the ship. 


Aside from the supply vessels noted above, only one other large vessel, 
the oceanographic research ship ‘Pandora’, was seen at Ieabella Bay during the 
study. This vessel entered Isabella Bay on 17 Sept 1985. However, it passed at 
night so a0 observations of whale responses were possible. 


In the Canadian Beaufort Sea, bowheads have been observed to react to an 
oil-industry supply vessel and « transiting seismic vessel in auch the same 
manner a6 to the smaller boats discussed above (Richardson et a1. 19854,6). 
Reactions were sot noticed at distances exceeding shout 2.8 ka. However, 
during sore detailed observations in the Alaskan Beaufort Sea, similar types 
of reactions to supply vessels were noticed at distances up to 4-6 ke (Koski 
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and Johason 1987). In eddition, « cow-calf pair appeared to react strongly at 
considerably greater distances when two vessels approeched then siaulteneously 
from opposite directions. The closest poiats of approach of the two vessels 
were about 15 end 20 ke from the whales (Koski and Johanson 1987). 


Im general, it is clear that western arctic bowheads usually react 
strongly to direct approaches by ships, typically at distences of several 
kilometers. Under special circuestances, exemplified by the cow-caif 
observation soted sbove, reactions may occur at greater distances. It is 
encertain whether any of the whales observed at Isabella Bay were disturbed by 
distent ships; if so, the disturbance was wild and infrequent. 


Aircraft 


Coastel communities on eastern Baffin Islend are served regularly by « 
scheduled aircraft, « twia turboprop Fokker F-27. It sormally passed over 
Isabella Bay 4-6 times/week at an altitede of about 1800-2400 = (6000-8000 
ft). However on one occasion, 6 Sept 1964, this aircraft passed at an altitude 
<136 @ and circled twice ower « group of 3 bowheads engaged in sexual 
activities ian shallow (17 @) water ower Teabella Bank (Finley et al. 1986). 
During the first circle, the aircraft passed directiy ower the whales and 
caused thee to dive rapidly. This created considerable white water. During the 
second circle the aircraft passed close to (but sot directly ower) the whales 
and did sot cause «4 soteble reaction although the whales had ceased 
interacting. Within 5 ein they hed regrouped and continued to engage in sexual 
activities for gore then 2 h. 


Similar startle responses were soted during serial photogrammetric 
surveys of the bowheads at Isabella Bay in 1967 (Finley enpubl.). Dering these 
flights the sircraft (e DeBavillend Twin Otter) circled at an altitude of 150 
® over bowheads located in deep (5200 @) water of the Kater Trough. Often the 
same groups of whales were photographed repeatedly. On about half of the 
occasions when the sircraft passed directly ower the whales, they appeared 
startled and dove with a soticeable flurry of white water. However during one 
survey (30 Sept 1987) the aircraft passed directly ower « group of 8-10 
sexually~ective whales 6 times in 2 hb withowt causing any sotable change ina 
their activities. 


In the westera arctic, overt reactions of bowheads to «a circling 
observation aircraft were sometiaes conspicuous when it was below 457 «@ 
alititede (1500 ft), uncommon at 457 @, and generally wndetectadle at 610 @ 
(2000 ft). The weual reaction to on aircraft at 305 @ (1000 ft) or below wae « 
hasty dive when the aircraft first approached, with Little or so detectable 
effect thereafter (Richardson et al. 1985¢,6). On care occasions, bowheads 
seemed to Gove away in response to an aircraft circling at (457 @. Reactiors 
were Gost common in searshore waters (15 @ deep, where leteral propagation of 
aircraft noise was greatest (Greene 1965). Sensitivity te aircraft seemed io 
be reduced when bowheads were engaged in active social iateraections anv 
perhaps feeding (Liwngbled 1981; Richardson et a1. 1965¢,6). When the same 
bowheads were circled at high (457 @ and/or 610 @) and lower (305 @) 
eltitedes, blow intervals tended to be shorter when the aircraft wee low. 
During photogrammetry flights in the weetera arctic, many bowheads overflows 
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by « Twie Otter ot shout 150 @ altitude dowe hastily, bet many othess remsined 
at the surface as the aircraft flew ower eed eway. 


In summary, Gering some low-lewel (e.g. 150 @) owerflighte by sircraft, 
bowheeds dive hastily ia both the eastera and westera arctic. Dering other 
sech owerflights, the whales remsia at the surfece end seem enaffected. Is 
both regions, there is subjective ewidence of reduced sensitivity te sircraft 
when the whales ere ectively engaged in social ieterections. [Payne et al. 
(1963) obteined « siwiler result for southera right whales.) Although 
comparative date ore limited, especially for the eastera erctic, sensitivity 
te sircraft seems generally similer ia the two regions. 


DISCUSS IOB 
Generel Sisileritics eed Differences is Sehevior 


Most aspects of the beheviorel repertoires of bowheed whales are wery 
similer ia the eastern end wesetera arctic. Almost «ll of the genera! 
activities end specific behaviors seen in the east have alee been seen in the 
weet. The few behaviors detected commonly in the east bet sot the weet are (a) 
teil loftiag, (8) eechenical ‘CR-UNCH’ sounds heard enderwater sear 
socialiaing whales, and (c) ‘rock-nosing’. Bock-nosing involwes «2 whale that 
is close toe shore end fleeting gotionless with the head below the surface. The 
19th ceatery whalers recognized thet this behavior occurred commonly slong 
easters Baffin Ielend in early eutwmn (e.g. Guerin 1845). Rock-nosing wae 
described briefiy by Finley et al. (1986, p. 99): 


"On several occasions we sew single whales remsining bead down gost 
of the tie ower long periods (1.5 &) ia shallow ((10 @) water with 
a substrate of smooth eniforely-siced boulders. This fite Gueeria’s 
(1845) description of the ‘rock-nose’ whale, thet is ‘it frequently 
pleces the extremity of ite heed, or soee a6 the whalers call it, 
clese te the shore, epon « rock’. BDommeliy (1967) described « 
similar sese-dows posture of the southera right whale, thought te be 
& courtehip display of eales. We have cot yet been able te determine 
the sex of such posturing individuals at Leabella [Baey.)” 


Finley et al. (1986) suspected thet rock nosing is @ component of breeding 
behavior. However, ite significance is set kaown for certain. 


A larger sumber of activities aed behavioral events seen in the weet have 
not been soticed ia the east, probably because of the guch serrower renge of 
observation sites and seasons iowestigeted in the eset. All eaetere aretic 
date came from observations ot two coastal locetions--leebella Bay end Cape 
Adair. In contrast, the western data were collected at aeny distances free 
shore ecross the entire eastern and coatral Seeefeort See. All eastera 
observations were collected {roe @id August te @id October. The systematic 
obeervetions (roe the weetera arctic were collected (roe early Auguet te early 
October, only slightly different than the dates of observations ia the esstere 
arctic. However, other workers hawe observed the behavior of weetere eretic 
bowheads in epring (e.g. Eweritt ead Erogeen 1979; Liengbled 1981; Carrell et 
ol. 1967), whee there hewe been se syetemetic observations of the behavior of 
eesters bowheeds. Given the auch gore extensive observations! coverage free 
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the weetera erctic, it is sot surprising thet some whale activities and 
isdivides! behaviors observed in the west have sot been noticed ia the east. 


The @eie ectivities end behaviors thet are reasonably common in the weet 
bet sot ot Ieebelle Bay or Cape Adair included sear-suerfece echelon feeding, 
sear-bottoe feeding, end log play (Wirsig et al. i985e,b, ia press). The 
steepliy-sloping shorelines of guch of the eastern arctic provide less shallow 
water thes occurs ia the westera arctic, reducing the extent of the sreas 
where sear-bottoe feeding wight occur. Drifting logs are wery common in the 
Besuefort Sea, presumably arriving wie the Mackenzie River which drains weet 
forested areas. There is ao comparable source of logs in the Baffin Bay area. 


Aside from these few apparent differences ia behavioral repertoire, the 
behaviors of the seperate popelations of bowheads in the eastera and westere 
arctic ere qualitatively similer. Bowever, this etedy has demonstrated that, 
dering the lete summer — early setuen period, there are gany quantitative 
differences between behaviors slong the Baffin Island coast and in the 
Bescfort Sea. When evaluated by etatietical methods, aany of these differences 


proved to be highly significest. 


Ie the case of bowheads feeding in deep water, the moet soticeabdle 
differences were the longer dives end surfecings, with gore reepirations per 
surfacing, in the eastere arctic. 


For bowheeds socialising in shallow water, there were many quantitative 
differences in behewior. In the easter arctic there were lower ewimming 
speeds, sore frequent serial ectivities, less frequent fleuke-oet dives, sore 
prolonged haereonic (pulsed tone) calls, occurrence of the CR-UNCH sound, 
shorter surfece times with fewer blows per surfacing, and possibly shorter 
blew iaterwels. Many of these differences seemed to be related to the 
occurrence of gore wigeorous social iaterections, iaclediag senual 
ieterections, et teabella Bey. In contrast, gost social interactions observed 
in the Beaufort Sea were less boisterous, and overtly semeal interactions were 
rerely seen there in late summer. A further difference was thet socializing 
whales in the Beaufort Sea esusliy iatermiaed their social ectivities with 
feeding, whereas whales socialiaing ower lteabella Bank rarely fed while 
socialiaing. 


Many of these differences gay have been related to the different sizes 
ond ages of the socialiaing whales in shallow weters of the Beaufort Ses 
(esinly omell sebedulte) and Leabella Bay (eainly large subedulte or adultes), 
based on their sises. Bowewer, the possibility of differences ia reproductive 
ectivities between the two popelations, a8 suggested by the results of this 
stedy, werrents close ecrutiny because of the potential direct cowsection with 
the well-being of tit populations. (See further discussion of p. Lii-113.) 


for eigrests, there were few obvious differences in behavior between the 
east ond weet. The moet soteworthy difference was the longer average duration 
of dives in the western erctic. Alee, the flekes were raised abowe the surface 
ot the onset of « higher proportion of the dives in the esstera then in the 
weetere arctic. 
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The sull hypothesis established et the outset of this project was that 
Shere ere ao differences is soresl behavior between bowhead whales of the 
weeters aod eastera arctic stocks. If the behavioral data considered ia this 
report were representative of the eastera and westera arctic popelations, we 
could clearly reject the eull hypothesis in the case of whales feeding ia deep 
water end for those socializing ia shallow water. The situation is less clear 
cet for sigrests, for which only two of the many behaviorsl variables 
considereéd--dive duration and occurrence of fluke-out dives--differed aartedly 
between east and weet. 


While evaluating the osull hypothesis, it is importent to consider the 
representativeness and comparability of the observations. For bowheads feeding 
in deep water, the gain confounding factor is possible east-west differences 
in sooplenkton availability, especially differences ia the typical depths of 
sooplenkton concentrations. If sooplenkton tend to concentrate at different 
depths in the east and weet, this would presumably affect the typical depths 
of dives, which could in turn affect many aspects of behavior. For socializing 
whales, there are several potential confounding fectors, sost of all of which 
may be related to population segregation, including differences in the ages of 
the whales observed in the east and west. A discussion of these confounding 
factors is seeded before evaluating the oull hypothesis. 


’ , Differences in ton?! 


In summer, bowheed whales gust consume enough food to sustain theaselves 
through the winter end for « portion of their sigretion. Lactation, pregnancy 
end growth all put edditionsl energetic demands on the whales. Based on 
theoretical considerations and wery limited date, an average subedult bowhead 
may require about 444 kg/d for the 130 4 spent on the summer feeding grounds 
(Thomson 19676). Based on the estimated size of the south opening and swimming 
speed while feeding, Thoeson (19676) eetiaated thet consumption of this emount 
by a average subadult bowhead 2 would necessitate feeding in concentrations 
of sooplankton that hed an average biomass of 2.1 g/e?. 


Westera arctic bowheeds, Like other baleen whales, are keown to 
concentrate their feeding at locations where sooplankton is concentrated 
(Griffiths ead Becheanen 1962; Sredetreet and Fissel 1967; Srade:reet et al. 
1987; Griffiths et al. 1987). Puerthermore, bowheads are beliewed to feed at 
the depths where the sooplenkton is most concentrated, prowided that this 
depth is within the diving capabilities of the whales. 


2) mech of this section was prepared by Denis HW. Thomson, LOL Ltd., King 
City, Ont. 


22 Calculated requirements of subedults are ii.ied here becaeure aost of 
the bowheeds feeding at the stations where sooplankton was studied were 
subeduits. See Thomson (19876) for corresponding estimates for adultes at 
various stages of the reproductive cycle. 
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Observed soopleskton bicmssses at locetions in the Seaufort Sea where 
bowheads feed are consistent with the calcelated requirements of the whales. 
The sess bdbicesss of soopleskton found withia all layers of concentrated 
zooplankton evident vise it aa near feeding bowheads in the Canadian and 
Alaskes Beaufort Sea was 1.5 g/@’ (a = 17; Griffiths et a1. 1967; Bredetreet 
et al. 1967). The geen biomess withia the t ‘leyer’ of sooplenktos found 
at each whale feeding location was 2.0 g/e’ (a = 8; Bredetreet et a1. 1987). 
These walees are guech bigher thes the average biomass found in the water 
coleme as a whole. Ewen #0, they probably enderestiaate actual prey biomass at 
the epecific locetions where bowheads feed, given the vwerious aethodological 
problems ia finding the densest sooplenkton patches available to whales and 
measuring the biomass within those patches. 


Regional or other differences in the vertical distribution of sooplasktos 
conceatrations could have « promownced effect on the feeding odes and 
surfacing ~ respiration - dive cycles of bowheads. In the cases of gray and 
humpbeck whales diving to keown depths, surfacing, respiration end diving 
behaviors are correlated with the depths of dives (Wireig et a1. 1986; 
Dolphin 1967e,b). Surfeciags and dives tead to be longer, and the auaber of 
respirations per suerfeciag greater, when these species of whales dive deeply. 
These correlations are related to physiclogical demenee end seximicntion of 
feeding efficiency dGuring dives to different depths. If the best available 
prey concentration is deep, feeding will be gost efficient if the feeding 
dives are comparatively long, Ginimiszing the proportion of the time spent in 
descending of ascending. If feeding dives are longer thee average, the whale 
must ceepire gore times then average after the dive. Since interwale between 
successive respirations tend to be less werieble then other sepects of the 
surfacing ~ respiration - dive cycle, « high sumber of respirations during « 
surfeciog requires « relatively lengthy surfacing. 


Thes, significant differences ia depths of prey concentrations are likely 
to result ia significent differences ia surfacing ~ respiration « dive cycles. 
This stedy hes shown that the surfacing ~ respiration ~ dive cycles of 
bowheeds feeding in deep water off Leabella Bay tend to be longer then those 
of bowheads feeding in deep waters of the Beaufort Sea (Table ii). These 
differences would be enderstandable if there were significant differences in 
the vertical distributions of sooplenkton in the eastern and wesetera arctic. 
The following subsections review present keowledge ebout relevent sepects of 
sooplenkton biclegy, emphasizing relative shundances, wertice!l distribetions, 
and seasonal variations in the two regions. 


Productivity of Beffie Bay end the Beeufort Ses 


Plett et al. (1967) estimated that prisery productivity ia the Baffin Bay 
region is ebout 35-70 ¢ C/at/y, but could be as high es 100 ¢ C/e*/y. Primary 
productivity in shallow waters of the Beaufort Sea is about 15-40 @ C/e*/y (0. 
Schell in Subbe Reo and Platt 1964; Macdonald et a1. 1987). In sorthers areas, 
primery prodection is strongly pulsed. Mech of the pleat saterial produced 
during the pulse of production during the open water season is set consumed by 
the sooplesktos. This eaterial siske te the bottom where it prowides food for 
the benthos (Longhurst et a1. 1964; Thomson 1967a). Regional differences io 
the stending crop of benthos aay be «4 seasure of regional differences in 
prigery prodectivity--perhape « better seasere then is the stendiang crop of 
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soopleskton. The relatively emell ower-wieteriag popeletions of sooplesktos 
cenenet consume gore thes « easll {rection of the pelee of prisery prodectios 
thet occurs éuring the epriag blocs. 

et 


Looplesktos stesding crop is the southera Beaufort Sea is about half thet 
is the gore productive Eaetera Arctic or Bering Sea. Bowever, the standing 
crop of beathos is euch lower in the Beaufort Sea ther ia Baffin Bay or the 
Bering Sea (Tedle 20). 


Tale DB. Geperions of primary productivity, eoopleites biomes io Ghee per WH a, ant coos 
benthic biomass at Gepthe of 5 to Ho in three regions. 
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When compered to differences among other oceanic areas, the average 
biomess of seoplesktos in the eastera arctic is set wery different free thet 
found in the seuthers Beaufort See. However, it is the biomsse of sooplenktos 
thet occurs is dense concentrations thet is velewent te feeding whales. Very 
Little iefermetion is eweiledle ebeet the peak biemeseee available ia 
soopleskton coaceatrations ia the esstere arctic. 


Charecteriotice of Arctic Zooplenttos 


The species compositions of the seepleskton communities fowed in the 
epper 50 @ of the Beeefort Sea, Borthweet Passage, ood Baffia Bay are similer. 
Ie these regions, the seeplesktos commenities are deminsted by copepods, 


el. 1984). In the esstere eretic, Colanse — ee be shundest is 
eress where there is «4 preseenced Atlestic iafileenc et et al. 1984). 


‘ 
. 
le the Beaufort Sea, . eristetes ee4 others aay be 
sbundent where there is on iatresion of Bering Sea water (Joheeon 1954). The 
o t 


Drectio®D water species oon be sbuendent is erese with 
eeteerion iatleesces feck of * River ené ie some high erctic 


bays (Seberekh ot a). 19766; Themeoe of a1. 1978; Bredetreet ot a1. 1087, 
Griftfithe et el. 1987). 
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Most of these copepods have « two year life cycle ia gost areas (Grainger 
1965; Ceiceas 1967; Deaber 1968). Depending on food supply end other 
conditions, the life cycle aay be longer of shorter then two years (Cairns 
1967). Species that require two years to reach agaterity generally overwiater 
as stage Il of IIl copepodites during their first winter end as stage IV or ¥ 
copepodites during their secoed wicter. 


During the short arctic summer, copepods aust store energy for the long 
wister when food is scarce. This energy is stored ia the fore of lipids. In 
spring, lipid contest of arctic copepods is low, averaging about 292 of dry 
weight (Lee 1974). Lipid content is highest in fall when it cen amount to 742 
of dry weight. Gives the high caloric content of lipid, caloric content also 
increases ower the summer end is highest ia fall (Percy and Fife 1981; Barris 
1965). Thes, the bowheed feeding thet occurs at Isabella Bay and in the 
Beaufort Sea during late summer and fall occurs at « season when the lipid and 
caloric content of the copepods is highest. Feeding is probably aeore efficient 
thes thee et other tiees of year. 


le early summer, copepods concentrate in the epper pert of the water 
oolemen where gost of the primary productivity occurs (Longhurst et a1. 1984). 
in late summer end early fell, sost of the herbivorous copepods sigrete down 
te theic ower-wineteriang depths. In the Baffia Bay ares, copepods overwinter at 
depths >200 @ (Loagheret et a1. 1964; Ber. and Barrie 1985). Copepods descend 
te these depths when they have eccwmieted sufficient Lipid and proteia 
reserves for ower-winteriang (Bead ond Garris 1985). In late summer, those 
copepods that hed sot eccwmulated sufficient reserves and were etill feeding 
is the epper 50 @ were Lighter end hed « lower lipid content then eniaals free 
»200 @ depth (Heed and Barris 1985). Copepods from deep water in Swedich and 
Borwegien fjords were alee heavier then those from surface waters and had 
large oil sece (Hirche 19863). This seasonal wertical wigretion of copepods has 
been soted in other ereas including the Bering Sea (Seith and Vidsl 1986), 
Borth Pacific Geeaen (Cooney 1986), and Arctic Geean (Dewson 1978). 


Vertice) Pietcibution of Zooplecktos io Seffie Bey 


The werticsel dietribetion of copepods ia Baffia Bay waries with season. 
The asia factors eesociated with these wertice! dietribetion patteras are the 
timing of seasonal sigretion end the vertical distribution of teaperatere and 
eslinity (Leagheret et ol. 1964). These variations ia werticel distribution of 
copepods an4 other seoplenkten likely hewe @ strong inafleence of bowhead 
feeding. 


Finley et al. (1986) sew « few bowheads shia feeding at the surface of 
leebelle Bey in lete summer. The potential feed of these surface feeding 
whalet wee Got iewestigeted. Sowever, several seeplenkton species somet ines 
concentrate sear the surface ot thie time of year. Longheret et a1. (1984) 
found «4 sear~surfece concentration of seoplenkton ia Baffin Bey, eeually ia 
the epper 5 @. At some of their stetions, copepods within thie seaer-eurfaece 
concentration hed large Gil sece compared with iedivwideale tamediately below 
it. te e@dition, pterepeds and hyperiid eaphipeds are sometions very sbhundent 
is eestere arctic serfece waters (Seberak ot a1. 19760,6) Thomeon ot a1. 1978, 
wengheret et a1. 1984). Byperiide sometiogs appear te ewere at the surface 
(Dweber 1946; Seberet ot al. 19768). 
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Leaghuret et el. (1984) iawestigeted the werticel distribetion of 
soopleskton ia the sorthers Baffin Bey eres in August. Costiaeous vertical 
profiles showed that gost species and life stages of copepods were 
conceatrated ia layers. Only « easll fraction of the total seoplenktos bicmsss 
was sear the surface. The layer containing aaxieus guabers of sooplenkton was 
weeslly ebowt 15 @ shallower thes the bese of the thermocline. The bese of the 
thermeciiae wes located et on average depth of 6 &. Below the thermocline, 
there esuslly wee enother layer of copepods sear the interface between the 
Arctic Gceen Water end the deeper Atilestic Water. Thies second lever with 
copepods esualiy occurred ia the epper 50 @ of the Atlantic water seae 200-250 
= below the surface. Younger copepedite stages were generally found higher is 
the water column then the older stages. The copepods fownd within the lower 
layers tended to be larger end have « higher lipid contest thes copepods found 
higher ia the water column (Heed end Barris 1985). 


In the Bettia Bey region, there ore eresl differences ia the depth 
distribetiouvse of copepods. tn Lencester Seuend the tieing of breakup end 
appearence of open water determine the timing of dbiclegice!l spring e0¢ summer 
(Semeotoe et ol. 1986). Differences in the tieing of breskep were seeeciated 
with differences ia the tising of copepod life cycles withia werious parte of 
Lescester Sound (Semeote et «41. 1966). Seberek et a1. (1979) alee soted 
regions! differences ia the development echedele of copepods in the Beffia Bay 
eres. During Leoagheret et al.'s (1984) sampling if Acguet, there wee still « 
considerable esmownt of ice ia Kane Basia. Onlibe the eeusl siteetion in Beffia 
Bay, soopleskton in Kane Basin wae concentrated sear the surface. Longheret et 
el. (1964) epeceleted thet thie represented the early epring condition. The 
reesinder of their etedy eres wes ice free and copepods were found at deeper 
depths. As the summer progresses, copepods (perticuleriy the lerger life 
steges) tend te be found deeper in the water columes (Leagheret et «1. 1984; 
Heed ond Barrie 1985). le Freee Streit, an ebeence of ice, etretificetios, and 
the onset of the spring bleee are all secessery for reproduction i Galenes 


gece (Sireche end Bohrer 1967). Since the timing of breakup can wary among 
yeare —— areas, the timing of life cycles ant of the Gewewaerd seerene! 


sigretion cae very emong peaere end ereee. 


Ie teabelia Sey, Fisley et ol. (1986) ond Finley (1987) foeend that 
sooplesktes biomass wee high is the deep water (5100 @) of the FE Trough, 
which wes esed intensively by foraging Howheeds Goring some peore. te 1986 
sooplenitosn biemess was higher et depths within the trough thee at 
shallower depthe above the trough, of ot shallow or deep (7100 @) depthe in 
other eres. rn pel, the geen biemese detected af depthe ©1009 @& within the 
trough (0.4) g/e@*) wae able te thet is the epper 10 @ of Leseester Sound 
ond Batfio Bey (0.4 gfe’; Seberek ot a1. 1979). The deep tows ia the BE Treagh 
were wertice! tows, which everage the bigh biemese withia seeplentton ‘levers’ 
with the lew biomass betwees Layers. The whales presumably fed af « Gepth with 
higher thes ewerege biemess. There wee « higher prepertion of e@elt female 
copepods and stage Y copepedites at depths of 100-200 @© withia the treegh thee 
in weterse (100 @ ower the treegh of in other eress. These cider stages 
probebiy represented copepods thet hed Geecended toe everwieteriag Gepthe. 


There were etriting differences ie ese of the SE Trough by bewheade over 
the feer years eof the stedy (eee “Seeulte’). Although some seepleettos 
sempling wee Gone ech peer, Gepth-etretified semples were tebee below 109 « 
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only ia 1966. Thes, there is little isferestion with which te compere food 
eveilebility ie years whee bowbeads esed the BE Trough beaevily, epereely, or 
sot et ali. 


Vertice! Distribetion of Zooplenktoe is the Beoufort Ses 


The seasonal pettera of werticel sigretion of copepods ia the Besefort 
Sea iteelf has sot been studied ia detail. ta the Arctic Geeen farther sorth, 
Calamus copepedites over-wieter at depths of 300-500 @ and tise to 
sear-sertece waters is s.amer (Deweoe 1978). Bewly goelted females are found 
neat the surface ie summer end wieter ot depths of showt 150 @. The other 
etelt females sink froe 100 te 300 @ in spring. Colones es is the 
Arctic Geeen wieter ot depths of sboet 200 @ end rise te sear-eurtece depths 
in July end August (Geierith et a1. 1960). te Geteber 1986, Griffiths et al. 
(1987) fowed few copepods ia the aepper 30 @ of the easters Alaskan Seeufort 
Sea. Copepeds bed dominated the sooplesktos of this eres in Septenber of thet 
year. Oriffithe et al. epeceleted thet copepods bed sigreted dewewerd to their 
over-wistering éepthe by October. 


Vert ice) Pioteibet ions ie the Beoefort See ond Soflie Ser Compered 


The composition of the Beaufort Sea ie similer te thet 
of Seffie Bey, the Arctic Geeen anf other areas where «4 seeeenel vertical 
sigretion bes bees etedied. The depths te which these eigretions gay occur is 
the weetere eretic likely ere similer te these recorded ie other areas. te 
deep wetere of the Beeefeort Ses, the depth of the interface between Aretic 
Serfece Water end the Atleatic leper belew it is sisiler te thet ia Beffie 
bey. Sowewer, there ere differences ie the ice regimes ie the tee erese, and 
these differences could couse differences in the tising of the seasons! 
sigretion of copepods. Another difference is the presence of «4 breed and 
shallow coetiaente! ehelf ia the Conedion Beeefeort Ses, contrasting with the 
narrow ehelf ie eortiweet Beffia Bey. 


te the easter eretic, Bielegics! spring on¢ the subsequent descent of 
copepods te overwietering Gepthe occurs leter ia erees where the ice cover 
perciete longer (Leagheret ef «1. 1964; Semeote ef 1. 1986). Bering a1) bet 
one of the peers frome 1980 te 1986, heavy ice cower persieted wetil eerily or 
ei4 Aegeet ewer geet deep waters of the Besefert See where copepods aay 
overwioter. te contrast, deep wetere of serthers Seffia Bey ere generally epee 
by 14 Joely. Comeeetretions of pect ice con often be found off the east coast 
of Beffie teleed, inecletding teebellea Bey, eetil Septesber (Merte 1962 ond 
"Stedy Ares” section). Sewewer, ereee te the serth ere generaliy epee auch 
eorlier (Herbe 19682). Correete eleng eestere Geffia teleed flee te the south. 
Thee, the copepods found off teabella Bey ie lete summer originate farther 
nerth 6 areas where opes weter Gooere eerily. Thee, these copepods would have 
beget summer reproductive en@ feeding activities early te the summer, 


te the Beeefort See, summer feeding by copepod pepeletions ewerwietering 
ie éeep woter off the ehell gay teed te eooer leter ie the summer, given the 
heewy lee cower eteeliy present ewer deep weter for euch of the summer. If 
summer feeding i¢ @elaped fer thie feeeee, the descent of copepods te 
over-wietering Gepthe preobebiy eeeld slee be Gelaped relative te thet ie 
Bettie Bey. A regions! difference ie the tieieag of the Gewewerd @igretion of 
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copepods sight couse differences ia the wertical dietribetion of copepods is 
twe eress d¢eriag lete summer. This could eccowst fer differences in the 
typical depths of feeding dives by tow sends. The Sypothesiond earlier éeecent 
of copepods off Leabelle Sey could reselt is deeper feeding dives in thet 


regios, with correspoediangly longer surfacing ~ respiration ~ diving cycles. 


We eaphasion thet this hypothesis is speceletive. There is strong 
suggestive evidence thet bowheeds were feeding very Geep in the water column 
at teabelle Bey: the lerge copepods fowed is their feces («2 = 2 samples) were 
concentrated at deep depths, ond the surfecing ~ reepiretion ~« dive cycles 
were consistent with deep dives. Bowewer, thie ewidence for deep dives is 
indirect. A seasonal werticel sigraetion of Calenes copepods bas bees 
demonstrated ia the Bettie Bey eres, the Arctic Geees, anf some other erese. 
Bowever, the vvidence of « corresponding seasons! wertice! @igretion is the 
soethers Bersfort Sea is only suggestive. Ie the eaetere eretic there is 
evidence thet the tising of ice breakup affects the timing of the summer 
feeding perict fer copepods, and the tising of their subsequent déowewerd 
sigretion. It is reasonable te suppose thet oy typiceliy letter ice breakep is 
most of the deep waters of the Beaufort See?’ causes «@ later dete of dowoward 
sigretion there, bet there is se direct evidence of thie poiet. 


Thes, these erguments suggest « pleesible hypothesis for the cocerrence 
of feeding at deeper depths in Beffia Bey thee ie the Beaufort Sea dering lete 
suemer. SGowever, iefermetion ebowt the wertice! @igretion of copepods end 
other seeplesktos ia the Beaufort Ses is seeded. Aloe, eeore detailed 
iafeormation shout the wertice! dietribetion of seoplesttes off Leebellea Bey ia 
late summer would be belpfel ie entderetending the feeding Sehewior of bewheads 
there. 


Direct sesserements of the Gepthe of dives by bewheads, of detereined by 
telemetry of echesownding, would be very esefel ie enderetending Geny sepects 
of their behavior on@ physiolegy. Depths of bewheed dives heve set bees 
seacered. Os «@ few eocaesions, the depths of prey concentrations of which 
bowheeds were feeding bewe been Getereined of the specific locations end times 
where whale behevior wee ebeerwed (Richerdeoe ot o1. 1987) we. Griffithe ef 
el. 1987). Bewewer, ell of these dete came free shallow water ( (2) @). Bence, 
it te Get possible | eeteblion relationships between surfacing « reepiretios 
~ dive weriebles of heeds wereese prey depth. 


Ae soted ear . bewheetdse feeding i6 Geep weter wee 
queetitetively differe 8 several reepecte off Leaebelle Sey free thet ie the 
Beoefert Ses. These differences could set be scceweted fer by reletiorehipe 
betwoes behavior en¢ any of the eewironmente! of whale eetivity weriables thet 
were Geaseret. Sowever, Gepthe of dives coelt set be Geeeered, e6¢ there wee 
Little epecitic tefereetion sheet depthe of prey comeentretions (free which 
depths of dives could be ieferred). Thee, « bey covrellery weriable thet aay 


2) There i¢ epee wetter early ie the summer ie weetere Ameedooe Gell ond 
seer Genke leleeé--the direction free which the correet tyrpiceliy flewe. This 
epee eres is trpiceliy leee eeteneive thee the epee Geep wetere ie Baffia Bey 
ie eerly eommer, 
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heve differed substantially betweee regions wee Got eeeeereblie. Ie the sheence 
of isferestion sheet depths of dives, it is iepoesidle te éetereine whether 
the obeerwed differences is bebhevier of whales feeding ie deep water 
represented « popelation difference betwee the eeetere e604 weetere erctic 
stecks, or « differesce ettribeteblie te feed eveilebility et the times ond 
pleces of obeerwet Loe. 


Rebovier of Sociol teins Bovbeote ve. Popeletion Searesetics 


The behevior of bewheeds socializing ie shallow wetter ot leebelle Bey, 
eestere Arctic, Goering lete eummer en¢ seteme wee quite di fferest thee af soot 
eveervetion lecetions ie shellew portions of the Beaufort Sea (see Beeults). 
At teebelle Bey, socieliaing wee typically quite active en¢ beleterous, with 
@eckh seeriel ectivity ee¢ few flebe~eet dives. te the Beeefert, secial 
ieterections ie lete eammer rerely were Chie letenee, serial ectivity wee levee 
comes, on¢ flebe~oet ¢ivee were gore commen. There often wee « clear senee! 
component te the social teterections of leebella Bey, thie wee rerely evident 
ie the Beeefort. There elee were significest differences ie serfece times end 
seaber of blows per serfeciog, even after sllewssce for corellery veriables. 


Thee there were etrong ¢ifferences ie social behewior betwree the esters 
ond weetere eretic, ieeleding @ sear sheence of overt repredective behevier is 
the Beeefert ie lete semmer of eppeeed te considerable repredective beberior 
ie the eset. The eppereet difference ie fepredective ectivities betwees 
popeletions ie of especial ietereet, gives ite possible direct connection te 
the "beslth’ of the poepeletion. tt ie iepertest te develop a8 enderetendiag of 
the reeseets) for the seemingly lower repredective activity ie the weetere 
eretic @erieg lete — 


One peesibility eight be « regions! ¢ifferesce ia the tieing of the 
sees] epele of bewheeds. The season whee sooplenttos is suitable for feeding 
sey bogie somewhat eerlier if the eset secerding te the evidence (largely 
bedirect) @ieewseed te the previews section. If 6, the eeeeel evele eof 
eetivitios wight be slightly e@vrenced ie the eset relative te the weet, and 
the presumed “wieter’ repre@ective season @ight commence earlier ie the eetune 
ie the casters eretic thee te the weet. Thie idee ie highly epeceletive, gives 
the scarcity of relewent @ete of seeplesttos, bewheed repredectiosn, anf other 
eepects of the eenesl epele of bewheetds if the eeetere eretic. Ales, the 
tieing of eetume wigretion te the eeeters ent weetere eretic te quite similer 
(eee “Seeelter-Migretion te © Aretic’). Gewleee sense! leterections were seen 
frequestiy et lteebelle Bey before seteme @igretion begee, whereee euch 
beheviors were wery letreqeeet ie the Conedion on¢ Alceobee Beaefort Sea dering 
lete summer e694 seteme @igretion. Thee, the regional difference ia 
reproetective eetivities €)4 Get seem te be siepliy @ @ieer difference is the 
tieing of the eneeel epelee of bewheeds i6 the tee erede, 


A @eore litely eeplenetion ite the prebeble segregation of bhewheads 
sccoréing te age, S68, OF fepredective stetes. The bewheede socializing ond 
enpegieg (6 fetes) behewlor of leebellia Bey ie lete semmer Gey feprenent « 
component of the eestere pepeletion wheee weetere eretic ceesterpert spends 
the lete summer ceteide the area where behevior bee Seek cbheerwed. Site 
segregetion of bewheede of the eummering grownde if the Comedian Beaufort See 
ie well Geowmeeted (Devise of 2). 198), 198te.8) Cobbege ont Calembobidia 1987, 
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Koski et al. 1988). The whales obeerwed socialiacing is shallow waters of the 
Besefort Sea were a@ainly emaell subedelts, whereas those at Leabella Bey were 
esisly lerge sebedelts end edults. Thes, it is perhaps sot serprising that 
sore semesl activity wes obeerwed among the socializing whales at leabella 
Bey. Unfortenetely, it was sot possible to isolate the westera arctic data on 
large sebedelite or edelte from the owersll dataset on socializing whales. We 
rerely bed eeefel date on the sises of the specific socializing whales whose 
behavior wee observed. 


Bowever, it is ceriows thet owert semesl iaterections have alaost sever 
bees seen anywhere ia the Beaufort Sea during late summer or fall. This is 
true despite the fect that observations in the westers arctic have been auch 
sor) widerrenging, e0¢ ower sore years, then those in the east. Many 
beheviors! obeerwetion sessions have been condected ia areas of the Beaufort 
Sea where goet of the whales present were large subedults or adults. In « few 
cases the specific whales wheee behavior wee obeerved were photographed and 
=..cred at the end of the observation session, and confirmed to be large 
(Keekti end Jobasoe 1967; Richardson et al. 19876). Thee, the rerity of 
obeervetions of semesl activity by bowheeds in the Beaufort Sea during late 
summer is set jwet the reselt of « peecity of obeerwations of large bowheads. 


One area where e¢ult end large subeduelt bowheeds are known to concentrate 
during late — is Freskiia Bey and (in at least some years) other parte of 
Amendees Gell each a8 DeSalie Bay along southera Benks Island (Dewie et «i. 
1962; Keoki et el. 1968). Syetematic behavioral obeervations have sot been 
collected is theese eseteramoet perte of the summer renge of weetera arctic 
bowheeds. However, catesl observations foring photogrammetric work suggested 
thet aeny of the whales ia Freskliia Bay were water coleme feeding ia deep 
weter (¥.8. Koeki, UCL Led., pers. comm.). It ie perhaps important that few of 
the lerge wholes found ia Freskiia Bey end DeSalie Bay were sccoepaenied by 
calves. Calwee were alee almost totally ebeeet frome the leabelle Bey area in 
the esstere arctic. Water depth inereases rapidly with distance free shore ia 
Preskiia Bey, of ie leabella Sey. Seheviorsl obeerwaetions ia Freskiia Bay and 
Amendeces Geil could be wery esefel ia evaluating whether, during late summer, 
there really ie @uckh lees reproductive activity emeng bowheads in the weetera 
thes the eesters eretic. Sere generaliy, eny fetere ebserwations of ail 
sepects of behavior ia these eress should be compared with behavior of the 
large whalee Gooerring ot leabella Bey. 


The 19th ceatery whalers ia the esstera erctic dbeliewed thet emall 
subedelt bewheeds on¢ cow-celf pairs summered well te the serthweset of 
leabellia Bey in the Bylet telesd eres end in the channels of the Conedion 
eretic erchipelage eccessible wie Lescester Sewnd (Fig. 2). During recent 
years « few cow~ecsl! peire have been sere in these areas, OF wigreting south 
frome thee i eutwes. Sowever, there het been Ge photogrammetric etedy to 
coetire the sieee of the bewheeds sumeering io these sorthweetere areas, and 
se stedy of bewheed behavior in these eress dGering late summer. The tise 
composition ené behavior of bewheads thet summer serthwest of Leabella Bey aay 
be similer te siees end behaviors of bowheeds studied ia the Beaufort Ses, bet 
this prediction remseine te be tested. 
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Ie coaclesios, behavior of bowhesds socializing ia shallow water at 
Isabella Bay is clearly differeat ia meny respects then that of bowheads 
socializing in shallow water of the Seaufort Ses. It away be of special 
importence that owert sexesl activities are rare in the Beaufort Sea in late 
summer, bet common at Isabelle Bay. This wight be symptomatic of « difference 
in reproductive activities between the two regions. The sell hypothesis of so 
difference in behavior of socializing whales in the two regions cas 
be rejected. However, it is enlikely thet the samples, especially the date 
from « single area of the eastera arctic, are fully representative of the two 
populations. Bence, the available date on socializing bowheads in the eastera 
end westera arctic probably ere sot directly comparable. To provide 4 sore 
seaningful comparison, gore information would be seeded about behavior of 
bowheeds summering in the Awundsen Gulf region of the westera arctic, or from 
areas sorthwest of Isebelle Bay ia the east, of ideally from both of these 
areas. 


In the absence of sdéditional fieldwork ia these areas, it could aleo be 
eseful to conduct 4 more intensive analysis of existing data on the sexual 
interactions observed at Isabella Bay, for which there were ao counterparts in 
the westera arctic. This analysis should attempt to evaluate the functions of 
the sexual interactions to detersine whether they represented actual 
reproductive ectivity, behavior fecilitetiang reproduction later in the winter, 
or perhaps « fore of behavioral maturation ian subsdults searing the age of 
sexual aaturity. This question could be approached through further analysis of 
existing data on these interactions and « detailed comparison with the spring 
reproductive behavior of western arctic bowheads (e.g. Eweritt and Krogmas 
1979; Ljengbled 1961). A detailed comparison of sexual behavior at Isabella 
Bay with the better-kaown reproductive behavior of the right whale (cf. 
Donnelly 1967, 1969; Seayman and Tayler 1973; Payne and Dorsey 1963; Kraus et 
al. 1966; Payne 1986) would aleo be valuable in interpreting the significance 
of the social activities at Leabella Bay, and the apparent ecarcity of similar 
activities ia the Beaufort Sea. 


rt Signifi f f . 


It is obvwiows that the overall behavior of the feeding bowhead whales and 
especially the eoctialiaiag whales differed significantly between the two 
regions. For both of those categorier of whale ectivity, etetistical analysis 
revealed highly significant differences in « suaber of wariables. Some of 
these differences remained significant after the potentially confounding 
effects of many temporal, environmental and whale~activity weriables were 
teken inte eccownt by gultiveriate enalysis. 


Thes, for feeding and socializing whales, there is so question that the 
behavior of the animals differed. tnetead, the eaian questions iseolve 
the possible explanations for the obvwiows behavioral differences. For feeding 
whales, the differences ia behavior wight represent real differences beiveen 
populations, bet wight alee result from the presumed greater average depth of 
feeding dives in the eastera arctic study area. For socializing whales, the 
observed differences in behavior were probably largely « result of differences 
in the age (end possibly sen) composition of the enimale obserwed in the 
eastera we. weetere arctic. 
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Migratiag bowheads observed in the two regions were more directly 
comparable then were socializing or feeding whales. The conditions ender which 
migrants were observed were sigilaer ia most respects, with the asin exceptions 
being distence froe shore and (ia 1983) ice conditions. The size and age 
compositions of the whales observed ia the two regions were also suspected to 
be gore similer is the case of migrants then for socializing bowheads. 


In the case of sigrating bowheads, only « few of the sumerous behavioral 
weriables that we examined were significentiy different between regions. The 
flukes were raised sbowe the surface at the onset of « larger proportion of 
the dives in the east then in the west, besed on « emall sample (P<O.001, 
Table 4). Dive durations tended to be sotaebly longer in the westera arctic 
(PCO.001; Table 11). Bowewer, a multiple regression analysis to assess whether 
dive durations remained significantly different after allowance for other 
environmental and whale ectivity waeriables produced inconclusive results. 
Because average dive durations were shorter in the east while average surface 
times were similar ia the east end west, the percentage of time at the surface 
was higher in the east. Directions of travel in the two areas were wery 
diftftereat (esialy WV or MW ia Beaufort; SE or & in Baffin Bay). However, this 
was an inevitable consequence of differences in the geography of the two 
regions, and should sot be counted as « seaningful difference in behavior. 
Other weriebles thet 4id sot sees to differ appreciably between bowheads 
sigrating in the two regions were duration of surfacing, sumber of blows per 
surfacing, ean interval between successive blows, swieming speeds, and 
frequencies of social interactions and serial behaviors. 


One possible way to evaluate the owerall significance of differences in 
behavior of sigrating bowheads in the two regions would be to combine the 
probabilities aseociated with the wariows etetistical tests. Rosenthal (1978) 
summarizes several methods for combining probabilities from independent tests 
of one gull hypothesis. For each behavioral wariable, owr eteatistical test for 
en east-west difference was « test of « subsidiary aull hypothesis to the 
general gull hypothesie posed ia the latroduection. At firet gleace, one wight 
propose to combine the probdebilities froe the tests of various behavioral 
veriables to obtain « single test of the owerall east-west difference in 
behavior. However, this would not be legitimate because « single surfacing of 
one whale can contribute data on several different wariables. These thet 
surfacing can be represented in several different statietical tests. In that 
sitwetion, there is « reel concern thet the wariouws tests are sot 
statistically independent, which is essential for obtaining « meaningful 
pooled probebility. Thes, we cen only conclude thet, for eigreting bowheads, 
at least two epecific aspects of behavior--dive durations and frequency of 
fluke~out dives--appeaer to differ significaentiy between the esastera and 
westers arctic. 


The possible relationships of behavioral differences te differences in 
humen ectivities will be ewalested ia Phase 2 of thie study, te be done in 
1989. One can speculate, for example, thet the longer dive durations of 
migrating whales in the weetera arctic would gake them less accessible to 
hunters; this difference ia behavior eight be related to the continuing 
bowheed beat ia the weetera arctic. Likewise, the lower frequency of fluke-out 
dives by sigrents wight be related to the fact thet this behavior increases 
the conspicuousness of «4 whale to heaters. 


4. 


5. 
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The geseral bebaviorsl repertoires of the eastera arctic (Devis 
Streit/Qeffia Bay) and westera arctic (Sering/Beacfort) populations of 
bowhead whales are qualitatively sigiler. Almost «ll behaviors 
observed during late summer and eutwen is the esstera arctic (along 
the east coast of Seffia Islend) heave alee been seen in the west. 
Likewise, gout of the behevi.+s seen during the gore extensive westers 
studies hawe alee been seen in the east. 


Botwithstending conclusion (1), there were eany quantitative 
differences between the behaviors observed in the esstera and western 
arctic. This was tree even though east-west comparisons were 
restricted to whales engaged io similar ectiwities, i.e. 


~ feeding in the water colums ia deep water, 
~ socializing ia shallow water, and 
~ migrating is seetons. 


There were etaetistically significent regional differences in the 
behavior of bowheed whales engaged in ail three of these ectivitiecs 
(Table 21). 


Eaviroamental coeditions ia the Beaufort Sea and slong the east coast 
of Baffin Isleed are wery different. Some of the east-weet differences 
in behavior appeared to be attributable te differences in the 
environmental conditions eader which bowheeds occurred. Other 
differences seemed to be attributable te differences in the activities 
in which the whales were engaged ot the time of obserwatiosn, ¢.¢. 
‘pere’ socialiaing is one area at Ieabellia Bey, Baffin Islend, ve. 
iaterwiaed socializing ples feeding in the Beaufort. However, eves 
after sallewaace for the effects of these corollary weriables on 
behavior, several sepects of behavior remained highly significantly 
ditfereat between the whales observed in the eastern end westera 
arctic. 


The surfecing ~ dive cycles of whales feeding in deep (50 @) water 
were @ech Gore protrected in the eastera arctic thes in the weet, with 
seny Gore respirations per surfacing (Table 21). These differences 
were evident ewen after allowance for regional differences ia measured 
environmental weriebles. Sowever, one potentially releweat corellery 
variable thet could set be seasured was depth of diwes. tt is 
suspected thet the behaviors! differences were at least partially 
attribeteble te « greater average feeding depth in the eset. Ia the 
sbeence of specific data on depths of dives, it is encerteia whether 
the observed etrong east-west differences in behavior among feeding 
whales were attributable te differences in depthe of dives or te some 
other regional difference. 


Behavior of bowheeds socialising in shallow (50 @) water differed 
strongly if seny respects between the Beaufort "Sea ond the leabelle 
Bay area of the eastera arctic (Teble 21). Seciaeliaing wae auch sore 
active et leaebella Bay, end obvious semeel interactions were gech gore 
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common during late sewmer there thes is the Bescfort Sea. The 
éitteceaces were wery likely ettribeteble ia pert to differences in 
tee preéominest sises end age categories of the whales whose behevior 
wee compared. Most bowheeds socializing is shallow waters of the 
Beeefort Sea were emell subedelts, whereas gost of those ia shallow 
water ot leabella Bey were egelte ond large sebedelts. However, semua! 
ieterections heave wery rerely been seen Guiing late summer or eetums 
anywhere is the Besefort Ses, incleding sreas where there were many 
eéuite ond large subedults. Given the high frequency of such behavior 
at teebelle Bey, there gay de real differences ia reprodective 
activities between the two stocks. 


Bowheeds engaged in eutues eigretion in the eastere aod westere arctic 
were the gost directly comparable of the three categrries of whales 
coasidered. Behavior of sigrests in the two regions wes generally 
similer. Bowewer, diwe d@eretions were considerably greater in the 
weet, end fleke~out dives were Gore common in the east. Given thet 
moet of the behaviors! weriables examined did cot differ significantly 
between @igrests in the two regions, it is difficelt te evaluate the 
biclegical significance of the two statistically significant 
differences that were detected. 


Oweresll, it is eppereat thet the behavior of eastera arctic bowheads 
slong the coast of Baffin Ieleed ia late summer differs quantitatively 
is @ suaber of ways frome thet obeerwed ia the Beaufort Sea. Some of 
these differences can be eecribed to differences in environmental 
coeditions or the types of whales and whale activities thet were 
obeerved ia the two regions. Bowewer, other east-west differences ina 
behavior cennet be sccownted for in this way. The apparent regional 
difference in the frequency of semeal interactions ia lete summer is 
potestialiy of perticuler significence. Phase 2 of this setedy, being 
done in 1989, will examine whether any of these behaviors! differences 
can be ascribed te loag-tere effects of the differing levels of human 
activities ia the twe regions. 
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